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PBBFACE. 



When, some few years ago, it became necessary to revise 
the Knglish Edition of tbe late Prof. Prantl's Lehrhuch der 
Botanik, it appeared to me that the requirements of English 
students would be more satisfactorily met if the scope of the 
work were so extended that, whilst retaining all that has 
made it of value to beginuera, it might be more useful to 
those engaged in the advanced study of the science. With 
this object in view, the number of pages has been doubled 
by additions to all four parts of the book, but more especially ■ 
to Part III. dealing with the Classification of Plants. 

Though the form of Prof, Prantl's book is still retained, 
and here and there paragraphs from the English edition 
have been inserted, the present is essentially a new and 
distinct work for which I alone am responsible, and, con- 
sequently, on the title-page of which my name alone 



I would most gratefully acknowledge the assistance 
which I have received from "my friend Dr. D. H. Scott, 
F.R.S., Honorary Keeper of the Jodrell Laboratory, Royal 
Gardens, Kew, who has kindly read the proofs, and has 
furnished me with many valuable suggestions and criti- 
cisms. The usefulness of the book is enhanced by the 
incorporation of a number of additional illustrations : most 
of these are placed at my disposal by the publishers, from 
their English edition of Prof. Strasburger's Practical Botany ; 
a lew are taken from yarjoqa other sources whirh are duly 

acknowledged. 

S. H. V. 



ERRATA. 

Page 8, line 10 from bottom, for o/read or. 

9, in description of Fig. 2, for zygomorphic read uobilateral. 
29, line 6 from bottom, Manilla should be spelt Marsilea throughout. 






for inbricate read imbricate. 
top, for tranverse read transverse. 
bottom, for Mucorini read Mucorince. 
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for othostichies read orthostichies. 



the bracket should follow the word intine. 



ff ff ff ^ tf ff 

ff 121 If 3 „ ,, 

ff 
ff 
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ff v*' If *" ff ff 

,, t/v/ ,, x^ ,, ,, omit that, 

„ iv/v/ „ ^yj „ ,, for chor-zinc'iod read chlor-zinc-iod. 

,, **, ,, *^ ,, ,, tor mother-eels le&d moth er-cells. 

for mother-ces read mother-cells. 
for Gingho read Ginkgo. 
top, for Schizeacete read Schizcsa^ece. 
bottom, for that is, are 'perpendicular read that is, are 

parallel. 
top, for other read outer. 
bottom, tor protohploem le&d protophloem. 
182, in description of Fig. 139, for Kortex read Cortex. 
240, line 8 from bottom, omit Chlorodictyon. 

„ „ 5 ,, „ omit Codiolum marine. 

249 „ 27 „ ff for germinates read germinate. 

265, in description of Fig. 191, for oospores read oospheres. 
276, line 9 from top, for asocarp read ascocarp. 
308, in description of Fig. 218, for spondia read sporidia, 
345, et j>assim, for Symphogyna read Symphyogyna. 
368, in description of Fig. 250, for seratum read serratum. 
372, line 6 from top, conspicious read conspicuous. 
375 ,,20 „ bottom, for te read to. 

462 ,, 15 „ ,, for Class I. read Class VIII. 
,, ., 4 „ „ for Class I. read Class IX. 
,, ,, 2 „ „ for Class II. read Class X. 

463 „ 2 „ top, for Cto«8 I. read CZcw« niJ. 
489 ,, 6 „ ,, omit Class II. 
509 ,,12 „ < bottom, for Ribes alpina read Ribes alpinum. 
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ff 
,, 543 ,, 8 „ „ for Fam. 1 read Fam. 3. 

„ 591 ,, 7 ,, ff for inconspicucous re&d inconspictLom. 



611 ,, 5 ,, top, for Theobromo read Theobroma, 
7 „ fi for oZa read Cola. 



ff 

f» ff f> 



CONTENTS. 



PART I.— THE M0BPH0WG7 OF PLANTS. ^^^^ 

Introductory 1 

CHAPTEB I.— OEHEBiL MORPHOLOGY. 

1. The Seg men tat ion oE the Body S 

2. STmmetr; of the Body aad of Che Members 7 

3. The Development of Che Body and ol the Members .... 13 

4. Atrangemeot ot Lateral Members on a Common Axis .... 23 

5. The Mutual Relations of Dissimilar Secondary Members ... 31 

6. Bran oh-8y stems 32 

7. Cohesion and Adhesion 36 

CHAPTEB II.— THE SPECIAL MORPHOLOGY OP THE MEMBERS. 
A. VEaElATrTx Organ a. 

8. The Thallns 37 

9. The ThaUoid Shoot 38 

10. The Leafy Shoot 38 

11. The Stem 44 

12. The Leaf 45 ' 

13. The Root 61 

14. Uaira and Emergences 61 

B. Befboddciive Oboanb. 

15. Reproduction 67 

16. Ueneral Morphology of the Asexual Reproductive Organs ... 70 

17. General Morphology of the Sexual Reproductive Organs ... 80 

18. Apospory and Apogamy 87 

19. The Fmit 88 

20. The Seed 88 



PART II.—TSE INTIMATE STRVOTURE OF PLANTS. 
(Amatoht and Hibioloot). 

21. Introdootory 8E 

CHAPTEB I.— THE CELL. 

22. The Sfmotnre tmA Portn of the Cel] 

23. The ProtoplBBm 

24. The Cell-Wall 

25. GaU-CoQt«nte 

26. GeU>FoTmktioa 




VIU CONTENTS. 

CHAPTEE II.— THE TISSUES. „.^, 

PA.GX 

27. The Connexion of the CeUs 128 

28. Intercellular Spaces 130 

29. Forms of Tissue 131 

30. General Morphology of the Tissue-Systems 144 

31. The Primary Tegumentary Tissue 163 

32. The Fundamental Tissue-System .169 

33. The Vascular Tissue-System 170 

34. Histology of the Development of ^Secondary Members .... 184 

35. The Formation of Secondary Tissue 191 

36. Formation of Tissue in consequence of Injury 213 



PART III.— TEE CLASSIFICATION OF PLANTS, 

Introductory 216 

GEOUP I. THALLOPHYTA 220 

Class I. Algae .* 221 

Sub-Class I. Cyanophyceaa (Phycochrom^cea^) .... 231 

Order 1. Chrooooccacesa 233 

,, 2. NostocacesB 233 

„ 3. OscillariacesB 233 

,, 4. BivulariacesB 233 

,, 5. Scytonemacese 233 

Sub-Glass II. ChlorophyceaB 234 

Series I. ProtococcoideaB 236 

^ Order 1. PleurococcacesB 236 

„ 2. ProtococcacesB 236 

Series II. VolvoooideoB 237 

Order 1. Ghlamydomonadacese 237 

„ 2. VolvocacesB 237 

Series III. SiphonoidesB 238 

Order 1. Siphon acesB 238 

,, 2. Cladopboraceae 241 

,, 3. HjdrodictyaceaB 242 

Series IV. Confervoideaa 24*3 

Order 1. ConjugataB 244 

„ 2. UlothrichaceiB 246 

„ 3. CbaBtophoraceflB' 247 

„ 4. UlvaceflB 248 

„ 6. (EdogoniacesB 248 

„ 6. Coleochaetacese 249 

Series V. Charoideae 251 

Order 1. Characeae . - 251 

Sub-Class III. PbsDophycesB .255 

Order 1. SyngeneticsB 257 

„ 2. DiatomaceoB 258 

Series (a). PhflBOsporeaB 258 

Order 8. EotocarpacesB 259 



CON'JENTS. IX 

PAGK 

Order 4. EucceliacesB 259 

„ 5. LamiuariacesB 259 

„ 6. CutleriaceaB 259 

Series (b), PhseogamaB 262 

Order 7. TilopteridaceaB 262 

„ 8. DiotyotaceaB 262 

„ 9. FucaceaB 266 

Sub-Class lY, RhodophycesB . .^ 267 

Series I. NemalioniDae 272 

Order 1. Helmintbocladiaceae 272 

„ 2. Lemaneacesd 272 

,, 3. Gelidiace8B 272 

Series II. OigartininsB 272 

Order 4. GigartinacesB 272 

^ „ 5. Khodophyllidaceae 272 

Series III. KhodjmeuinaB 272 

Order 6. SphaerococcaceaB 272 

„ 7. Khodymeniacesd 272 

„ 8. DelesseriaceoB 272 

,, 9. Bonaemaisoniacese 272 

„ 10. HhodomelaceaB 272 

„ 11. CeramiacesB 272 

Series IV. Cryptoneminae 272 

Order 12. GloeosiphoniaceaB 272 

„ 13. GrateloupiaceaB . 272 

„ 14. Dumontiacese . 272 

„ 15. Nemastomacece 272 

16. EhizophyllidaoeaB 272 

17. SquamariacecB 272 

„ 18. CorallinacesB 272 

Series V. Porphyrinas . 272 

Order 19. Bangiacesd 272 

Class II. Fungi 273 

Sub-Class I. Schizomycetes 280 

„ II. Myxomycetes 283 

„ III. Fliycomycetes 285 

Section J. Zygomycetes 285 

Order 1. GhytridiaoeaB 285 

,, 2. MncorinaB 287 

„ 3. EntomophthoracesB 289 

Section li. Oomycetc s 290 

Order 1. AncylistaoeaB 290 

,, 2. Peronosporaceie 291 

„ 3. Saprolegniaceie 293 

Sub-Class IV. Ascomycetes 294 

Order 1. Gymnoasceffi 300 

„ 2. Pyrenomycetes 301 

„ 3. Discomycetes 302 

Sub-Class V. ^cidiomycetes 303 

Order 1. Uredinesd 303 



»» 



X CONTENTS. 

Order 2. Ustilagineae 308 

Sub'Clast yi. Basidiomycetes .310 

Series I. Protobasidiomycetes 315 

„ II. Autobasidiomycetes 315 

Order 1. Hymenomycetes . . . . * . . .315 

,, 2. Gasteromycetes 317 

Subsidiary Group. Lichenes 319 

GROUP II. BRYOPHYTA (MUSCINEiKj 324 

Class III. Hepaticae (Liverworts) 333 

Order 1. MarchantiaceaB 336 

„ 2. JungermanniaceaB 343 

,, 3. Anthocerotaceffi 352 

Class IV. Musci (Mosses) 354 

Order 1. Sphagnacete 363 

,, 2. Andreeeacese 365 

,, 3. ArchidiacesB ....... 366 

,, 4. BryineaB 867 

GROUP III. PTERIDOPHYTA (VASCULAR CRYPTOGAMS) . . 372 

Class V. Filicinae 381 

Sub-Class. Eusporangiatas 381 

Homosporece. 

Order 1. OphioglossacesB 381 

,, 2. Marattiacese 383 

Heterosporeffi. 

„ 3. Isoetaceae 384 

Sub-Class. Leptosporangiatae 388 

Homosporeae (Filioes) .... 388 

Order 1. HymenophyllaceaB 404 

„ 2. PolypodiaceaB 404 

,, 3. Cyatheaceae 405 

,, 4. GleicheniacesB 405 

„ 5. SchizseaceaB 406 

,, 6. Osmuudaceae 406 

Heterosporeaa (HydropterideaB) . 406 

,, 7. SalviniaceaB 415 

„ 8. Marsileacese 415 

Class VI. Equisetinae 416 

Order 1. EquisetacesB • ^16 

Class VII. Lycopodinse ........ 421 

Sub-Class. Homosporeaa 421 

Order 1. LycopodiaoeaB 421 

,, 2. PsilotacesB ........ 425 

Sub-Class. HeterosporesB . •. . . , . 
Order 3. SelaginellaoeaB . . • • '« 



GROUP IV. PHANEBOOAMIA (SPERMAPHYTA) . - 431 

DlVIBlOH A. GSMNOSPBRMS 4*3 

Class VIII. Gymnotpermie *63 

Older 1. Cycudacew 480 

„ 2. Coniferra 481 

„ 3. Onelaoeae 488 

Division B. AHaioepBRus 489 

Class IX. Monocotyledones ^3 

Svb-Cta»3 I. SpaJicifloriB 589 

COHUBT 1- Abaus 539 

Order 1. Aracete 539 

„ 3. Lemnacete S41 

„ 3. Pand&naoeee 511 

., 4. Cfclaothitceai 543 

„ 6. Tjphace« S12 

COHOBT 2. Palmales 5J3 

Order 1. PalmaceiE ^ii 

Sub-Cla,» II. GlaniiflorB ' 546 

CoBORT I. Gluualks 545 

Order 1. GtaminaoesB i 54R 

,. 2. CyperaoeB 550 

CoBOBT 2. Bkbtiales 552 

Order 1. Eriocaulonnceie 563 

„ 2. IlestiaceB 663 

Sab-Claat III. Petaloideai 663 

Series I. HypogjniB. Sub-Serits Apoearpa . ■ 663 

' CoHonr 1. Alibuales 653 

Order 1, Naiadacfm 663 

„ 3. JunoaginKCtiB 564 

„ 3. AliemaceiB 664 

,. 4. Butomacem 655 

Sab-Striea Synearpa. 

GOBOBT I. COUUELTHILEE 665 

Older 1. Xjridaceee 656 

„ 2. Commelynaceie 550 

CouoBi 3. LitJ>i.EB 666 

Order I. Liliitcen 650 

„ 3. Juncacen 659 

„ 3. Fontederioceie 659 

Series II. Epigrne. 

CoaonT I. HniBAi.Bi 560 

Order 1. Hjdrocbandaoen 660 

COBOBI 2. DlOBCOBEALEB ' ■ 6G0 

Order 1. Diosooreaccae 560 

„ 2. Tacoaceffi 560 

„ 3. Bromellacen 661 

CuHOBT 3. Kmontixi (ScrrAUiKBJB) 661 

Order 1. Muaaceo 661 

.; 2. ZiQgiberacen 663 

„ 3. Marantacen (Can 



CoHOBT 4. OMmi>jti.is 563 

Order 1. Orohidacfo S€3 

Cohort G. NiBcisBALis 667 

Older 1. AmaryUidBctiB 887 

„ 2. Iridsces 568 

CUhX. Dicotyledonea 570 

Sub-Cla*$ I. Moiioelilftm;deie 57S 

CoBOBT I. PiniuLEa S76 

Order 1. Pipenceio 576 

„ 2. Chloranthaccn 576 

„ 3. SauruiacciB 676 

CoBOBT II. Uhticalbs 576 

Order 1. UrticoceeB 577 

„ 2. MoracfiB 677 

„ 3. CannabiDaccn 678 

.. 4. Ulmaotu 679 

CoHODi III. Amehtales S79 

Order 1. BetnlacecB 580 

„ 2. Corjkce» 581 

„ 3. PagaoEio 583 

„ 4. Juglandaot EQ 581 

„ 5. MyrioftceiB 58* 

„ G. CaBuacinacfie 586 

,, 7. Salicaceie 585 

Cohort IV. PRaTEU.ES 586 

Order 1. ProtenceiB 586 

CoBOBT V. Chenofoduleb 586 

Order 1. ChenopgdiaoPiB 587 



„ 3. I'hjtoliiccaciiE 687 

„ 4. Njctftginaceie 588 

COBOHT VI. ASARALES 686 

Order 1. Ariatolochiacpu! 588 

„ 2. OjlinaceiB 589 

CoBOBT VII. SANTALiLEfl 689 

Order I. Santalaceee 631) 

„ 2. LonintLacece 589 

„ 3. BaliinoplioracesB 590 

Svb-Claun. Folfpetalte 591 

Series I. Tlialamiflarie .... 591 

COHOBT I. B>HU,EB 591 

Order 1. Kmiaii^^iilactie 591 

„ 2. Mugnoliacem 693 

„ 8. Caljcanthaceas 594 

„ 4. Nympbuuiveui 694 

Cohort II. MesibpeBMalBs .594 

Order 1. Men (sperm acem 596 

„ 2, Berberidaceie 595 

., 3. LBniBcaiB 596 

„ 4. Myriaticacfoi 296 



Order 5. Polygooacea 597 

„ 6. Ceratop)ijllace» 89B 

COBOB'T ni. CAT.T0rnY!.LAl.K3 636 

Order 1. CarjoplijUrtceiB 599 

„ 2. PortulaceiE 600 

„ 3. Aieoooen (FicoiJese' 600 

COHOET IV. P*EIETiI^B 600 

Order I. PapnTerac^B 6C0 

,, 2. FumariaceeB 601 

„ 3. Ctucifers 602 

„ 4. CaiiparidaecfB 606 

„ 6. Beaedaceie 606 

„ 6. Cifltacete 606 

„ 7. BixBceiB 606 

„ 8. Violaceie 606 

COBOR'F V. 3ABTUCEN1AI.FS 607 

Order 1. Sarraceniacece 607 

„ 2. Nepeuthact^e 607 

„ 3. Droseracea} 60S 

Cohort VI. OcTTifBBALBB 608 

Order 1. HjpericacFie 60B 

„ 2. Tamaricacen 609 

„ 3. Elatinnces 609 

„ 4. TerDBtrcemiacefe 609 

„ 5. Clusiaoeie (Guttilerm) 609 

., 6. Dipterocarpacete 609 

COHOHT VII. MiLViLEa 609 

Older 1. Tiiiacem 609 

,. 2. StercuUaceffi 610 

,, 3. Malvacece 611 

Series I [. DisoiSois 613 

Cohort I. aERAtiiAi.(s 612 

Order 1. Oeraniacete 612 

„ 3. Linacefe . . . . ■ 613 

„ 3. ErytliroijIacPiB 613 

„ i. OxalidaceiE 613 

„ 6. Baleamiimi^ffi 613 

„ 6. Trnpoi'laces 614 

„ 7. Zjgopbjllaceffi 614 

„ 8. Butacpee 614 

„ 9. Mehaces! 615 

„ 10. Siroarubaces 616 

„ 11. BurBeraceai 615 

Cohort II. Sapindales 615 

Order 1. Sapindaceaj 616 

„ 2. Aceraceee 616 

„ 3. Polygalaeeffi 617 

„ 4. Anaoardiaces 617 

CsHOBT 111. Celabtbales 618 

Order 1. Celastraceie 618 



Order 2. Staphjleaces 618 

„ 3. BhuQuaeen 618 

„ i. AmpelidAcem 619 

„ 6. AqDitoIikoeD 619 

„ 6. ThymelBftceB 619 

„ 7. BlEBagnaees C20 

COHOHT IV. EOPBOBBUt^S 630 

Order 1. Eapborbiaces 621 

„ 3. Buxaceie 622 

„ 3. Empatrftces 623 

., 4. Calljtriehacpn 623 

Series I[I. CklyeiQoriB .... 623 

Cohort I. Uhbsli.ileb 623 

Order 1. Umbellifene 621 

., 2. Aialiaceee 626 

„ 3. Comoocn 626 

COBOBT II. P.BaiFL0R.LE8 626 

Order 1. Passifloraceie 627 

,. 2. Papayaceffi 627 

„ 3. liegoniaceiB 627 

„ i. CucTirbitaoetB 627 

,, 5. Cactacpffl .638 

CoHoiTT III. Mybt*leb 629 

Order 1. Onagraceie 629 

„ 2. Halorngidaces C30 

„ 3. Lythracen 630 

., 4. MjrtHoeffi 681 

„ 5. Ithizopboracra 632 

Cohort IV.- RosALEa 683 

Order 1. liosaceia 632 

„ 2. LeguminoEiB 635 

„ 3. PUtaaaceffi 638 

Cohort V. Saiifsaoileb 638 

Order 1. Saxifragai^ea 638 

,, 2. CrasBulaceie 640 

„ 3. Cepba]otace» 640 

„ 4. !'iu™|)um<^eiu 640 

„ 5. Hamameli daces 641 

„ 6. Podostemaoeni 641 

Sub-Clan II. Oamopetfltn 611 

Series I. Hypogjnm 641 

COBOBT I. Lahialfs 641 

Order 1. Labiates 642 

„ 2. Verbeuncete 64S 



Order 1. Scrophnlar 
„ 2. Pliiutngina 



4. iLcaothMSM 



648 - 

4 



Order 5. Geaneraceee G4G 

„ 6- Orobancliacera 616 

„ 7. LentibuJariacetG 647 

CoHoar III. PotaiioNntES 647 

Order 1. Convolvulaceie 647 

„ 2. PolEmouiaceffl 648 

„ 3. Solauacete 648 

„ 4. BoMgioaceffl 649 

CoHOBT IV. Gbntianaleb 650 

Order I. Gentianacen 650 

,1 2. Loganiaoeaj 651 

„ 3. Apoojnaceie 651 

„ 4. ABclepiadacee 661 



Cobout V. Ebbnales 


. 653 




. 653 


„ 2. Ebenaceffi .... 


. 653 


„ 3. Stjraceffi 


. 653 




. . 653 


Order 1. Primulaoeie .... 


. 863 


„ 2. MyrainaoeiB .... 


. 651 


., 3. Plambaginaces . . . 


. 654 


COHOBT VII. EbICILEH 


. . . 664 


Order 1. Erioaceai 


. . 655 


„ 2. Epacridacea .... 


. 665 




. . 666 


„ 4. Pjrolaceai .... 


. . . 656 


„ 5. VaociniaceiB .... 


. 666 


Series II. Epigyn^ . 


. . 656 


CoHOBT I. CAapiMlLES .... 


. . . 666 




. . . 656 


,. 2. Lobeliacen .... 


. 657 


COQOat II. BttBIALEB 


. 658 


Order 1. BubiaoeED 


. 668 


„ 2. Captifoliacem . 


. 659 


COHOBT III. ASTEBALES 


- 660 


Order 1. Valerianacese .... 


. 660 


,. 2. Dipsaoeffi 


. 661 


„ 3. Compositie .... 


. 661 



I'ABT IV.— THE PHYSIOLOGY OF PLANTS. 

. I. Introdaclor; 

CHAPTER I.— GENERAL PHYSIOLOGY. 






XVI CONTENTS. 

CHAPTEU II.-SPECIAL PHYSIOLOGY OF THE NUTRITIVE 

FUNCTIONS. 

PAGS 

6. Absorption 692 

7. Transpiration 696 

8. Distribution of Water and other Substances 700 

9. Metabolism 706 

CHAPTER III.— SPECIAL PHYSIOLOGY OF MOVEMENT. 

10. Introductory 735 

11. Automatism (Spontaneous Movements) 735 

12. Irritability (Induced Movements) 742 

13. Localisation of Irritability 755 

14. Transmission of Stimnli 756 

15. Combined Effect of Different Stimuli 757 

16. Conditions of Movement 760 

17. Mechanism of the Movements 761 

CHAPTER IV.-SPECIA.L PHYSIOLOGY OF REPRODUCTION. 

18. Introductory 766 

19. Vegetative Multiplication . 767 

20. Spore -Reproduction 768 

21. Sexual Reproduction 772 

22. Heredity and Variation 777 

23. The Theory of Reproduction 780 



INDEX, Part I.— Classification and Nomenclature 785 

II.— Morphology, Anatomy, and Physiology . . . 805 



»» f» 



OHODP lY. — PHASEBOGAHIA. 



GROUP W. 

PHANEROGAMU (ob SPBBMAPHTTA). 
Thesb am all heterosporous plants, having a definite alternation 
of generations, which is, however, not readily perceived on accoant 
of the great redaction of the sexaal generation, and of the fact 
that the female gametophjte remains enclosed in the macrospore, 
that the macrospore remains enclosed in the macrosporangiam, 
and that the macrosporanginra. remains for a long time attached 
to the sporophyte, the resnlt being the development of a gfied 
which conatitates a characteristic feature of thegronp (seep. 217). 

A. The Sforocuyte. As in the Pleridophyta, so here, the plant 
itself is the sporophyte or asesaal generation. 

It is unnecessary to go into detail at present with regard to the 
morphology of the vegetative 
organs ; full information ia 
given in the section on General 
Morphology, and subsequent- 
ly in the description of the 
classes and orders. 

The Reproductive Organs of 
the sporophyte are sporangia 
of two kinds, microsporaagia 
and macrosporangia, which 
are usually borne on feporo- 
phylls, but sometimes directly 
on the axis : the modified 
shoots bearing the sporangia 
constitute jlowera; and they 
nsaally bear, in addition to 
the aporophylls, other floral 
leaves ( hyps ophy 11a, see p. 
r9), protective or attractive 
in function, some of which 
usnally constitute a perianth. 

The flowering shoot consti- 
tntes an inflorescence, which may consist of one or many flowers, 
according to the extent to which the shoot branches. 

The Flower (see p. 76) is a sporangium- bearing shoot or sporo- 
phore with nsnally undeveloped or feebly developed internodes. 
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BO that the sporophylla and hypsoplijlla which it bears are closelj 
hgt^reff&ted tof^ther. Most commonly the flower is ambisporan- 
giate (monoclinonB, or hermaphrodite), bat it is freqnently mono- 
sporangiate (nniHexnal) ; in the latter c&se there are two kinds of 
flowem, microsporanf^ate and macrosporangiate, which may be 
borne by the same individnal, when they are said to be diclinons 
and moncecions ; or by two distinct indiridnals, when they are 
dicecions (sec p. 86), Occasionally the same plant produces both 
ambisporangiate and nionosporangiate flowers, when it is said to 
be polygamout. The microsporangiate flowers are freqaently 
termed etaminate, and the macrosporangiate flowers earpellary 
(p. 78) : the former are indicated by the sign J , the latter by 
the sign $ , and ambisporangiate flowers by the nign !^ . In the 
Gymnosperms the flower is always monospoi-angiate ; in the An- 
giosperms it is generally, thongh by no meane always, ambispor- 
e ffl angiate. The flower 

of the Gymnosperms 
is nearly always de- 
stitute of a perianth. 
The special mor- 
phology of the Pert- 
anth 18 dealt with 
nnder the Angio- 
gpennte, in which 
class it attains it^ 
highest develop- 

The SporophyUa 
are of two £mds : 

mioroepOTOphylU, otherwise known as atamfna; and macroyxtro- 
phytls, otherwise known as carpels : the former tear excljisiTely 
microsporangia, the latter exclasively macrosporangia. The 
sporophylls present considerable variety of form, and are on the 
whole more highly specialised than in any of the Pteridophyta. 

The microipOTOphyll, or stiimen (see p. 78), in its most highly 
specialised form, consists of a stalk of varying length, the filament, 
bearing a terminal structure, the anther, which is a sorns of one 
or more microsporangia embedded in more or loss placental tissue. 
In the less highly organised Phanerogams (e.g. most Gymnosperms), 
the microsporophylls are morphologically simpler, having the 
general character of sessile or shortly -stalked scaly leaves. 
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The macrospoTophyll, or carpel, bears (nsuallj) macrosporaiigia, 
(see p. 78). In the Angiosperms the carpel, either by itself or by 
cohesion with others, forms a closed cavity, the ovary, which is 
frequently prolonged at its apex into a longer or shorter process, 
the style, bearing at its summit a glandular surface, the stigma : 
sometimes the style is absent, so that the stigma is sessile on the 
ovary; within the ovary the macros porangia are developed. In 
the Gymnosperms, the macrosporophylls (when present) do not 
cohere, either individually or several together; so that in this 
group there is no ovary, style, or stigma ; they are thus distin* 
guished from the Angiosperms, in which there is always an 
ovary. 

The Sporangia are of two kinds; microsporangia or pollen^sacs, 
and macrosporangia or ovules. The development of the sporangium 
is, in both, eusporangiate (see p. 73). The sporangia are, as a 
rule, borne on the sporophylls ; but in some few cases (e.g. micro- 
sporangia of Naias, Casuarina; macrosporangia of Taxus, Poly- 
gonum, PrimulacesB, etc.) they are borne on the axjs. 

The microsporangia, or pollen-sacs, may be developed either 
singly or in a sorus of two or more ; they may be very numerous 
on the sporophyll, as in the Cycadacese. When borne on the 
sporophylls, they are developed on the lower (dorsal) sui-face of 
the microsporophyll in the lower forms (e.g. Cycadacese, Coniferee) ; 
whereas in the Angiosperms they are usually developed both on 
the upper (ventral) and the lower surfaces. 

The microsporangia either, project freely or are embedded in the 
placental tissue of the member bearing them. The multicellular 
hypoderraal archesporium is either a row or a layer of cells. The 
archesporial cells undergo, as a rule, division, giving rise to the 
sporogenous cells together with a more or less extensive transitory 
layer of investing cells, the tapetum, which is eventually dis- 
organised. 

The microsporangia m is, as a rule, unilocular; but in a few 
Angiosperms some of the sporogenous cells are sterile and, instead 
of giving rise to spores, constitute walls which render the micro- 
sporangium multilocular. The septa are either transverse, so that 
the loculi are in a vertical row (e.g. species of Mimoseae ; also some 
Onagraceae, such as Circaea, Gaura, Clarkia) ; or both transverse 
and longitudinal, as in Rhizophora and Viscum. 

The microsporangium eventually dehisces, generally by a longi- 
tudinal slit, less commonly by a transverse slit or by a pore. 
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The dehiscence is mainly effected by a layer of tracheidal cells, 
differeotiated as part of the wall, which are highly hygroacopio. 

The microgporet, or poll en- grains, are developed from the aporo- 
gcnoas mother-cells of the sporangiam. Aa a rule each mother-cell 
divides so as to give rise to fonr microBpores, all of which develope. 
As a rale, also, the microspores eyentaally become qaite free from 
each other, but to this there are exceptions: thuH, in the Uimosese, 
while the pollen-grains are isolated in some speuies, in other 
species they cohere in gronps of 4, 8, 12, 16, or 32, derived from 
one, two, three, or more mother-celts ; again, in the Orchidacete, 
whilst Cypripedinm has isolated pollen-grains, in most genera the 
pollen-grains are in groups of fonr (tetrads), and cohere into a 
mass (or 2-8 masses), the polliniwm, of varying consistence (see 
Orchidacete) ; poUinia also occnr in the Asclepiadaceae. 

The microspore hati, as a rnle, the ordinary structtire of a spore 
(see p 69) ; it is a nocleated 
cell, with a certain amount 
of granular nutritive mate-' 
..- /f rial in its cytoplasm, and 

V ■" /l\ has two coata, an intine and 
/ \ r\ \ an exine, the structure of 

[^ J \J j *''* latter being elaborat-e 

vlf m many cases. The spore 
V Vi has not, however, always 

^^'^'^^ '^' *"'' i^catB. In some plants 

^^'f'Tr'*^ there is no exine, and only 

a single thin coat, as in the 
cells of the poUinia of Or- 
chids and Asclepiads, and 
in certain plants whose 
flowers develope under water, such as certain Naiadacete (Zos- 
tera, Posidonia, Cymodocea, Naias), in Halophila (Hydrochari- 
daceffi), and in some species of Callitriche. In others, again, 
there is but one coat, but it ia thick and is cuticularised externally 
(e.g. Senecio), or the two coats are only distinguishable at those 
points at which the pollen-tubes will be eventually protruded {e.g. 
Onagracete, Cobsea). 

The exine is frequently highly differentiated with special refer- 
ence to the protrusion of the pollen-tubes ; it may be porous (e.g. 
Malvaceie, Fig. 283) ; or there may be thin areas at certain points ; 
or (Onagraceee) mach- thickened areas where the pollen-tubes are 
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eventually developed; or, again, 
there which come off like lids nndt 
polien-tube (Pig. 282). 

The development of the microeporeB has already been dealt 
with in general (aee p. 125), bo that it will be only necessary 
here to mention certain special points. In the first place there 
ifi an excep on to the n e that each mother-cell gives rise to 
fonr ni croapo ea n Aac ep as each mother-cell developea directly, 
withoat dveon nto a cell of the pollininm, each such cell 
beiDg at any rate phys ologically, equivalent to a mici-ospore ; 
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apparently the same is tbe case in Zostera where, however, the 
microspores are isolated. The mother-cells of the microspores 
either remain coherent, daring the development of the microspoi^s, 
or (as in many Monocotyledons) they become free and float in 
the granular fluid, derived from the disoi^anisation of the tapetum, 
which fills the pollen-sac. The walls of the mother-cells nsaally 
become very much thickened, especially in the planes of tbe f ature 
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diviaioiis. The division of the mother-cell is either soccessive 
(Monocotyledons, Cjeads), or simaltaneous (most Dicotyledons 
and Conifers) ; in the former case the mici*ospores are nsaally 
bilateral, in the latter tetrahedral. The form of the mattii'e 
mici*ospore varies widely ; it may be spherical, etc. ; in plants in 
which pollination takes place under water, the microspore be- 
comes elongated and filiform (e.g. Zostera, Posidonia, Cymodocea, 
and to some extent also in Naias), and in Halophila the microspores 
are aggregated into filaments. 

In some eases the germination of the pollen- grain begins before 
it is set free from the dehisced pollen- sac, so that it consists of 
two (sometimes more in Gymnosperms) cells at the time of 
pollination. 

The macrosporangia, or ovnles, ai^e developed singly, or in pairs, 
or more commonly several together, from a more or less well- 
developed cushion of tissue, the placenta. When the ovnles are 
borne on sporophylls, the placenta is either marginal, or, less 
commonly, it is ventral, including the whole of the upper or inner 
surface of the carpel with, sometimes, the exception of the mid- 
rib (e.g. Butomus, Nymphoea). When the ovules are borne on 
the axis, they are either terminal (e.g. Taxus, Polygonum) or 
lateral (e.g. Primulaceee, Compositse). 

The macrosporangium, like the microsporangium, makes its 
appearance as a small cellular prominence on the surface of the 
organ which bears it, formed by the division of a group of 
hypodermal cells ; it is covered at the surface by an epidermal 
layer which usually remains single, though in some cases (e.g. 
Gymnosperms, Delphinium, Helianthemum, Rosacese, Iris Pseitda- 
corus) the epidermal cells undergo repeated periclinal divisions and 
thus add considerably to the bulk of the micropylar portion of 
the nucellus. 

The macrosporangium proper (sometimes distinguished as the 
nucellus) is invested by one or two coats, which grow up from the 
base, but do not completely close over the apex, leaving there a 
narrow channel termed the wicropyle ; the base of the macro-, 
sporangium, where the coats and the tissue of the sporangium 
proper become indistinguishable, is termed the chalaza. The 
coats of the ovule in Phanerogams are the morphological equivalent 
of the indusium in the Pteridophyta, though, in the former the 
sorus consists of a single macrosporangium; but this is also the 
case in Azolla, Isoetes, etc., among the Pteridophyta. 
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The macrosporaDj^um is not, as a rnle, embedded in the placental 
tissue, and is sometimes borne on a longer or shorter stalk, the 
funicle. The point of attachment of the macrosporangiom, whether 
it be sessile or stalked, to the placenta, is termed the ftUum. 

The form of the macrosporangium presents many vai-ieties, 
of which the following are the more common. When the micro- 
pyle, the chalaza, and the funicle (or the hilnm) all lie in one 
and the same straight line, the ovule is said to be ortkotropoitg : 
when the micropyle and the chalaza lie in the same straight line, 
bat not the funicle, the ovule being bent back against the fanicle 
(termed the raphe along the line of contact), the orule is ana- 
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tropout ; when the ovnle itself ia onrved, so that the micropyle 
and the chalaza do not lie in the same straight line, the ovule ia 
eampylolropous. Variona intermediate forms occnr which may be 
easily imagined. 

The archeaporinm (aee p. 73), which here, aa elsewhere, ia 
hypodemial, cansists generally of o 
apparently of sereral lying side by 
Rosacete, such aa Roia livida, Frag< 
Sanguworbafralea$it; poaaibly all 
Taxua, Ginkgo, Thnja). In so 
undergoes no division (e.g. TuUjja Oegnerii 
but directly developes into the mother-B"" 
as a rule, the archesporial cell {or -^^ 
frequent division. Thus, in moai 
the archesporial cell begins with »«■ j. 
wall, of a sterile cell towards the Oq^- 
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of the macrosporangiam — or sometimes two such sterile cells — 
which, with or without further division, represent a tapetal layer. 
The large remaining cell now undergoes division into two by a 
transverse wall, and one or both of these cells may divide in a 
similar manner. Thus a longitudinal row of large cells, two to 
four in number, is formed, all of which are potentially mother- 
cells of macrospores. In some plants {e.g. Senecio and otlier 
gamopetalous Dicotyledons ; Orchis pallens, Gymnadenia Gonopsea, 
and some Grasses, among Monocotyledons) no tapetal cells are 
cut off. In a few plants (Cycads, Gallitris quadrivalvisj Gupresmis 
sempervirensy among Gymnosperms; Casuarina and some other 
Amentales, among Angiosperms) the growth of the archesporial 
cells is more extensive, leading to the production of a considerable 
mass of sporogenous tissue, as in the raacrosporatigia of the 
Pteridophyta. 

Generally speaking, only one of the cells of the sporogenous 
tissue shows any sign of developing into a macrospore ; and in 
the normal Angiosperms, this cell is generally the lowest (nearest 
the chalaza) of the longitudinal row described above. In some 
exceptional cases {e.g. Rosa livida, Casuarina, Tax us, Gink^, 
Thuja, Gnetum) several of the potential mother-cells begin, at 
least, to develope, though even in these cases only one of them, 
as a rule, ultimately gives rise to a fertile macrospore. 

The growth of the fertile mother-cell of the macrospore is 
vigorous. It causes the displacement and absorption of the sterile 
cells of the sporogenous tissue. But Casuarina is an exception 
in this respect; here the namerous (as many as twenty) mother- 
cells all grow with equal vigour, and, as they do not attain a 
large size, there is space for them all in the macrosporangium. 
Casuarina is further peculiar in that some of the small sterile 
cells of the sporogenous tissue develope into tracheidal cells 
somewhat resembling the elaters of the Hepaticee. 

The macrosporangium is iudehiscent, and only becomes de- 
tached from the plant after it has developed into a seed. 

The macrospore or embryo-sac is, as a rule, developed singly in 
the macrosporangium ; and, farther, it is always developed singly 
from its mother-cell without any indication of that division into 
four which is characteristic of the development of spores in 
general. It is in fact impossible, as a rule, to fix upon any 
stage at which the transition from macrospore-mother-celi to 
macrospore may be considered to take place ; for the motber-oeU 
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simply growg awl becomes the macroapore without any special 
difEerentistion. However, in the CjoadaoetB, the wall of the 
mother-cell undergoes that differentiation which is characteristic 
of spores, so that the wall of the macrospore consista of two 
layers the outer of which is cnticnlaviaed. The macrospore is 
simply a lai^ cell, containing vacuolated protoplasm in which 
lies a nnolens, and having, as a rule, a wall of cellulose. 
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In the course of its growth, the macrospore frequently causes 
the absorption of more or lei of the tissue of the nncellus, morC' 
especially towards the mioTipjlAr end. It commonly attains 
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developes tabalar outgrowths, whicli penetrate into and destroy 
the tissae of the integument (e.g, Rhinanthus, Lathraea, some 
Labiatae). In some cases, however {e.g. Gymnosperms, Scitamineae, 
most Nympheeaceaj, Piper), the macix)spore does not grow to snch 
an extent, so that a considerable mass of nucellar tissue is left, 
which persists to some extent in the seed as perisperm, its cells 
being then filled with nutritive substances. This may be due, as 
in the Gymnosperms, to the fact that the macrospore is covered, 
towards the micropyle, by a mass of nucellar tissue formed by 
the growth and repeated division, both periclinal and anticlinal, 
of either the tapetal cell, or of the apical epidermal cells of the 
ovule, or of both ; or, as in the other cases, to the fact that the 
macrospore, in its growth, which is relatively slight, does not 
absorb the chalazal portion of the nucellar tissue. 

General Histology. The following are the principal characterise 
tic features : — The apical growth of shoot and root is only excep- 
tionally effected by means of a single apical cell : the small-celled 
meristem of the growing-point of the stem is more or less distinctly 
differentiated into dermatogen, periblem, and plerome, so that the 
stem has a true epidermis : the epiblema of the root is either the 
persistent innermost layer of the original many-layered endodermis 
(most Dicotyledons, Gymnosperms), or it is the external layer of 
the cortex (Monocotyledons ; see p. 154) : stem and root are mono- 
stelic, with but few exceptions (p. 152) : the vascular bundles of 
the stem are generally collateral : both root and stem generally 
present secondary growth in thickness (except Monocotyledons, 
and a few other cases) by means of a normal cambium-ring (for 
abnormal cases, see p. 204) : the growing-points of the lateral roots 
are developed from the pericycle of the parent root (see p. 186). 

The Emhryogeny of the Sporophyte. The sporophyte is developed 
from the fertilised oosphere in the ovule. The development of the 
embryo is not continuous, but is in two stages, which may be con- 
veniently distinguished as the intra-seminal and the extra- seminal. 
The intra-seminal stage includes the whole of the development 
which the embryo undergoes during the conversion of the ovule 
into the ripe seed — that is, during what is known as the " ripening 
of the seed." The extra-seminal stage includes the development 
of the embryo which follows the sowing of the seed ; — that is, the 
escape of the embryo from the seed, and the gradual development 
of the characters of the adult plant. The interval between these 
two stages m^y be brief, or it may extend over many years if the 
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seed be kept dry. The "germination" of the seed when sown is 
simply the resumption of development by the embryo in conse- 
quence of exposure to the necessary conditions of moisture, 
warmth, etc. 

In most Phanerogams, each oospore gives rise to a single .em- 
bryo ; but in most Gymnosperms each oospore gives rise to more 
than one embryo (four or many), thus exhibiting poly emhryony. 

The primary development of the embryo is either holoblastic or 
meroblastic (see p. 13) ; meroblastic embryogeny is common among 
Gymnosperms. 

In some exceptional cases (Cycads, Ginkgo, Ephedra) the 
embryogeny begins with free cell-formation in the oospore (see p. 
121). 

Generally speaking, the oospore of holoblastic plants divides 
into two by a transverse wall : the upper of the two cells remains 
coherent to the micropylar end of the embryo- sac and developes 
into the suspensor, an embryonic organ wjuch - is a characteristic 
feature of the embryogeny of Phanerogams, which bears »i its 
lower end the other cell, termed the emhryo-cell, from which the 
whole or a considerable part of the body of the embryo is de- 
veloped. In meroblastic plants, the suspensorial cell and the 
embryo-cell are developed in a somewhat similar though more 
complicated manner, from the embryogenic portion of the oospore 
(see Gymnosperms, p. 71). 

It is in comparatively few plants that the suspensor contributes 
nothing to the development of the permanent members of the 
embryo. This is necessarily the case in those plants (enumerated 
below) in which no suspensor is developed ; it is also the case 
in some plants in which a suspensor is present {e.g. plants 
with 'massive suspensors, such as Geranium, Tropajolum, many 
Grasses; also most Leguminosse) . Here the embryo is de- 
veloped entirely from the embryo-cell. In some cases (Vicieae, 
Coniferae) the embryo- cell, on the other hand, contributes to the 
elongation of the suspensor. In many cases, however, the lowest 
cell of the suspensor contributes in part (e.g. Capsella, Fig. 286) or 
entirely (e.g. Alisma, Fig. 287) to the construction of the embryo. 

The suspensor may be regarded, in most cases, simply as a 
temporary organ of the embryo : but it occasionally presents such 
a degree of independence of growth, that it assumes the character 
rather of a proembryonic organism, making the embryogeny 
heteroblastic, than of a mere organ (see p. 14). 
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The following are noteworthy peculiarities in the morphology and physiology 
of the suspensor. It is generally a filament consisting of a longer or shorter 
single row of cylindrical cells, sharply defined from the rest of the embryo : in 
some cases it consists of several such rows {e.g. Glaucium, Viciete) : in others 
it is massive (see above), consisting of a number of cells covering the posterior 
end of the embryo, and not sharply defined from it: sometimes it consists 
of a single cell {e.g. Funkia) : in some plants {e.g. ViciesB) the segments of 
the suspensor are coenocytic. Barely, it is differentiated at a relatively late 
stage of embryogenj {e.g. CijtUut Laburnum^ and some other LegupiinossD). Its 
common function is, by its growth, to force the embryo into the nutritive tissue 
of the seed, and it is usually attached by its upper end to the mioropylar end 
of the embryo-sac : but it is not unfrequently adapted, more particularly when 
the embryo- sac contains little or no store of nutriment, as an organ of ab- 
sorption. Thus in some Orchids (e.g, AnacamptU pyramidalUi Platanthera 
bifolia, Orchis latifolia), the filamentous suspensor grows through the wall of the 
embryo- sac, and out at the micropyle, reaching the wall of the ovary where it 
buries itself in the tissue of the placenta, from the cells of which it absorbs 
nutriment for the embryo attached to its other end in the embryo-sac. Again,' 
in other Orchids (PhalsBnopsis, Vanda), the primitive snspensorial cell divides 
longitudinally into six cells which grow out into long filaments, both upwards 
and downwards, enveloping the embryo but not leaving the ovule, which act as 
absorbent organs. In Tropseolum, the suspensor produces two lateral branches, 
one of which bores through the wall of the ovule into the cavity of the ovary, 
acting as an anchor for the embryo ; the other penetrates the wall of the ovule, 
where it is in contact with the placenta, and, entering the placental tissue, acts 
as an absorbent organ. In Gnetum the suspensor branches and bears an 
embryo at the end of each branch. When the suspensor is massive, it is itself 
a depository of nutrient substances for the use of the embryo. 

No suspensor is developed in the following plants : Pistia StratioUs^ Listera 
ovatUj EpipactU palvsiris and latifolia^ Cypripedium spectabilCf among Mono- 
cotyledons ; Corydalis cava^ and certain Leguminous plants, such as the 
MimosesB and some Hedysarese, among Dicotyledons ; Ginkgo, among Gymno- 
sperms. 

In those plants which have no suspensor, the development of 
the embryo from the oospore is simple. The oospore divides 
by a transverse (basal) wall into two ; then by a longitudinal 
wall into four; and then by a second longitudinal wall, at 
right angles to both the preceding, into eight cells, octants of a 
sphere : generally speaking, from the half of the oospore next 
the micropyle the primary root is developed, from the other half 
the growing-point of the primary stem and the (one or two) 
primary leaves or cotyledons. The early stages of the embryog-eny 
are essentially the same in those plants in which, though a sus- 
pensor is present, it does not contribute to the structure of the 
embryo, though here it is the embryo-cell that divides into octants. 
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In those plants which have a gaspensor which contribntes to 
the embryo, the embryo-cetl is not a complete sphere. It divides, 




^e.— Bmbr^ogen; of DiootTledona as repretented b; Cap»IIii Duru-Piutorii (dla- 
itic, sfUrGoebel anil Haneuin). A-D SacceeBiTs slagSB; nrii. suspensor; mb. 
; 1-1, 2-i, octant-nails ; u lowest cell ot snBpensor, diviaiBs in fl to form the bjpo- 
cell * ; in C tha hjpophjelal oell bas divided into two, h^ and Ji„ the (ormep con- 

c periblem ; pi. plerome j col. cotjledons, l>etween which lies the growing- point o( 



as a rule, into two by a longitudinal wall, then tranaversely, and 
then ia a plane* to both the preceding, into octants; but while 
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the fonr anterior octantfi are octantR of a sphere, this is not the 
case with the four truncated posterior octants abutting on the 
saspensor. In some cases, the transTerse division precedes the 
lonKitndiiial. From the anterior octants are developed, in Dicotyle- 
dons generally (Fig. 286), the two cotyledons and the growing- 




ibryogsny ot Monocotyledon'. He represented by ^liini" PUnfajo IrtiaKram. 
bei, Hnnntein, and FBmintiin). J-C SuocBssive Htages : n embryo-coll i 
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, /) in B and C. In C, o his Biien riee to the eingle terminal cotyledon ; 
rpoinl n( the prlmBty stem; d and i form the hj-pocotyl ; the growing- 
. is developed from/ i ap dermatogen. D ia a mamre embryo, lesa highly 
cotyledonj «(. (rrnwing-pnint of stem i h.ji. bypocotyl. Tlie nnclei of 



point of the primary stem, bnt the growing-point of the primary 
root 13 snpplied from the last cell of the snspensor (Fig. 286 
A, a) which divides transversely into two (Fig. 286 B) and con- 
tribntea the cell k, the hypophysis, to complete the root-end of the 
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embryo. In Monocotyledons, on the other hand, the embryo-cell 
gives rise, as a rule (Fig. 287 A and C, a), only to the single ter- 
minal cotyledon ; whilst the last cell of the suspensor (Fig. 287 
A^ h) gives rise to the growing-point of the stem, which is here 
lateral (Fig. 287 0, c; 2>, st), and to that of the root by a hypo- 
physial cell (/). 

In two cases only [Gcphalotaxus Fortuneit Araucaria hroAiliana, both Gymno- 
sperms) are the cotyledons and the growing-point of the primary stem 
developed endogenously : here they are at first covered by some cells at the 
apex of the embryo, which are eventually thrown off. 

In a few exceptional Monocotyledons {e,g. Dioscoreacese, GpmmelynaceaB) the 
growing-point of the primary stem is developed, not laterally, but apically, 
and the cotyledon is lateral. In some Dicotyledons (e,g. Carum Bulbocastamim, 
lianunculus Ficaria) the embryo is pseudo-monocotyledonous ; that is, only one 
cotyledon is developed though two are originally indicated. 

In the Gymnosperms, the number of cotyledons varies from one of fifteen. 

With regard to the histological differentiation of the embryo, 
the first step, after the division into octants, is the formation of 
periclinal walls marking off a superficial layer, which is the 
dermatogen (Figs. 286, 287) ; this differentiation proceeds from 
the anterior end, or apex, backwards towards the posterior end of 
the embryo. In those plants in which the root-end of the embryo 
is formed by a hypophysial cell contributed by the suspensor 
(Fig. 286 B,h), the dermatogen- layer is completed by the peri- 
clinal division of the hypophysial cell, the inner cell forming the 
periblem of the growing- point, the outer forming the dermatogen 
which undergoes further periclinal division to form the primitive 
root-cap. In the meantime, anticlinal and longitudinal walls 
have also been formed, so that the embryo, as it increases in size, 
consists of an increasing number of cells. The degree of histo- 
logical differentiation attained varies widely : in the highest forms 
(Fig. 286 D) a cylinder of plerome is differentiated in the axis 
of the embryo, so that the three primary tissue-systems, der- 
matogen, periblem, and plerome, are clearly defined. 

The degree of morphological differentiation attained by the 
embryo in its intra-seminal development also varies widely, as 
does also the size of the embiyo. In the ripe seed of most Orchids 
and parasitic plants (e.g. Orobanche, Monotropa, etc.), the body of 
the embryo presents no differentiation into members. In most 
plants, the embryo, in the ripe seed, consists of the following 
members : (a) one, two, or several cotyledons ; (6) a primary 
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stem bearing the cotyledoii or cotyledons, bnt not projecting- be- 
yond them, termed the hypocotyl, passing posteriorly into (c) the 
primary root or radicle. In some plants (e.g. Triticnm and other 
Grasses, Phaseolns, Vicia, Amygdalus, etc.) the primary stem has 
elongated beyond the insertion of the cotyledon or cotyledons, 
and bears the rudiments of future foliage-leaves : this portion of 
the primary shoot is termed the plumule or epicotyL 

The size and texture of the cotyledons vary with the functions 
which they have to perform. When, as in exalbuminous seeds, 
such as peas and beans, the cotyledons are themselves the store- 
houses in which food is deposited for the nutrition of the embryo 
during its extra-seminal development, they are relatively large, 
thick, and fleshy; but when, as in albuminous seeds (e.g, Ricinus, 
Grasses, etc.), the food is stored in the endosperm, the cotyledons 
are absorbent organs and, though still relatively large, are not 
thick and fleshy. 

In a few Phanerogams (e.g. Utriculana, which never developes 
any root, Buppia rostellata, Wolffia arrhiza) no primary root is 
developed or even indicated. 

The extra-seminal development of the embryo may be briefly 
stated as follows : — The first event is the elongation of the hypo- 
cotyl, with the result that the radicle passes, through the micropjle, 
out of the seed into the soil, where it becomes firmly attached : 
where (as in some Gymnosperms, Grasses, Tropseolum) the growing- 
point of the root is developed deep in the tissue of the embryo, 
the radicle, before it can escape from the seed, has to penetrate 
this more or less considerable mass of tissue which can be seen, 
on examining the germinated seed, as a collar, termed the 
coleorhiza, surrounding the base of the radicle. The other mem- 
bers then escape from the seed, the coat of which becomes more 
or less split. In those cases in which the growth of the hypocotyl 
is active, the cotyledons appear above the surface of the soil, that 
is, they are epigean (e.g. Cucurbita, Ricinus, Radish, Sunflower, 
Scarlet Runner, etc., most Gymnosperms), either leaving the seed- 
coat in the soil, or carrying it up to the surface. In those cases in 
which the growth of the hypocotyl is comparatively slight, the 
cotyledons do not reach the surface of the soil, that is, they are 
hypogean (e.g. Vicia Faba, Pea, Grasses, etc.) : here it is the 
epicotyl (plumule) which grows rapidly, and is the first member 
to appear above ground. The part which first appears above 
ground, whether it be hypocotyl, epicotyl, or cotyledon, usually 
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does so in the form of an arcb, ao that the apex ie not exposed 
to injury whilst the member is forcing its way up tbroagb the 
soil 

Epigean cotyledons become greea in colour, and in many cases 
(e g Sunflower, Radish) assume the appearance, and discharge 
the functions, of foliage-leaves ; but they do not ever precisely i-e- 
semble, either in size or form, the true foliage- leaves of the plant 
to which they belong 

Vegetahi-e Propagation is common among Phanerogams, by 




means of bulbs {e.g. Lily, Onion, and many other Monocotyledons), 
tubers (Potato), tuberous roots (Dahlia), etc. 

B. The GiMETOPHVTE. As all Phanerogams are heterospoi-ous, 
the sexual generation is represented by two individuals, a male 
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and a female, developed respecttrely from the microspore &od the 
macroRpore. 

The Maie ProlkaUium is, in all cases, filamentoDS and relatively 
small, consisting of bat few cells. The first indication of its 
developmeat is the division of the nacleDB of the microspore, 
which may take place even before the microspore escapes from 
the micros poranginm, and this is followed by cell- formation. In 
the Angiosperms (E'ig. 288) the cell- formation is simple, consistin^^ 
in the aggregation of protoplasm round one of the two nuclei, with- 





ont any formation of cell-wall, so that a small primordial cell, 
the generative cell, is formed, floating freely in the protoplasm 
of the microspore which, with the other nucleus, constitntea 
the vegetative cell. In the Gymnosperms the process is rather 
more complicated. In the simplest case (e.g. the Tew, Fig 
289) the microapore divides into two cells, separated by a cell- 
wall ; of these the one, the antheridial cell, nndergoes division 
into two, a stalk -cell {at) and a generative cell (an) ■ whilst the 
other remaioB as an undivided vegetative cell. In some cases. 
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however {e.g. Larch, Ginkgo, Fir, Ephedra), generally three cells 
are enceessively cut off by parallel septa (Fig. 290) : of these, 
the two first formed are merely vegetative prothallial cells, and 
undergo disorgaaisatioa, whilst the last is the anthcridial cell, and 
undergoes division into a generative cell and a atalk-cell. In 
some cases (Ginkgo, Ephedra, Cycada) the secund prothallial cell 
persiata ; and it appears that in the Gnetaceaj the antheridia! cell 
does not divide to form a stalk-cell bat is actually the generative 
cell. 

In both Angiosperms and Gymnosperms, the pollen-tnbe is 
formed by _^ 




rothallial celU. tbe ianermOHt oE 

L. B Older pollea-BTaia developing a 

nuolBae of pollen-tube, (x 610i 



with the 

cleua of 

stalk - cell 

the vegeta- 

tivenncleus 

becomes disoi^anised (Fig. 269 B, n), whilst the generative cell 

nndei-goes division into two ; either into two equal generative 

cells, as ia generally the case, or into two nneqnal cells only one 

of which ia generative (e.g. Taxus). More than one pollen-tabe 

may be developed from the microspore (Fig. 283). 

Thus the male individual in the PhaoerogamB ia a prothallinm 
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uoQBiBtiDg of but few cells, and the antheridinm is at most two- 
celled : the generative cell represents a apermatozoid-motlier-cttil, 
the protoplasm of which is not, however, differentiated into a 
fpermatozoid, but simply constitates a male cell. 

The nVale cell is a small nocleated primordial cell in the pollen- 
tube, and is either the onginal generative cell itself, or a product 
of its division. It is erentnally eKtrnded through the apes of 
the pollen-tube. 

The Female Pruthallium is developed in the interior of the 
macrospore (embryo-sac) in a similar manner to that of the 
hetei-os porous Pteridophyta : but, in the Phanerogams it does not 
at any period project from the macrospore as it does in the 
Ptei-idophyta, thou;?h this ocours exceptionally in the Cycadacese 
among Gymuosperms, and in Avicennia among Angiosperms. 

fi The development of the prothal- 

lium (or endosperm) is simple in the 
Gymuosperms. The nucleus of the 
macrospore divides ; repeated nu- 
clear division takes place, until a 
large number of nuclei are formed 
which lie in the protoplasm round 
the wall of theniacrospore; between 
these nuclei cell-walla are developed, 
so that a cellnlar tissue is produced, 
the cells of which grow and multi- 
ply by division until the cavity of 
the macrospore is entirely filled with 
this tissue which constitutes the 
prothallium. In Gnetum, howevei-, 
the development of the prothallinm 
is not completed until fertilisation 
has taken place. 

In the Angiosperma the develop- 
ment of the prothallium is more 
complicated in that it generally 
takes place in two stages, the one 
preceding, the other following, fer. 
titisation. The nucleus of the ma- 
crospore divides into two : of these 
e travels to the micropylar pole, the other to the chalazal 
pole, of the macrospore; each nucleus then divides, and each of 
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the four so formed divides again, so that eight nuclei are formed, 
four at the micropylar, and fonr at the chalazal pole of the 
macrospore ; one nuclene is then conveyed from each pole to- 
ward the centre of the macpoapore, where the two nuclei meet 
and fuse into one which ia termed the definittvi nncleue of the 
macrospore or embiyo-sac. Three nuclei now lie at each pole, 
and around these aggregation of protoplasm takes place, so that 
cells are formed ; those at the chalaial pole soon acquire a cell- 
wall, and are termed an(ip"d<ri 
cells: those at the micropylar 
end do not form any cell- wall ; 
one of them is the female re- 
prodnctive cell or ooaphere, 
the other two are sterile 
(though in rare cases they 
are fertile), and are termed 
the synergidcB, the three to- 
gether constitoting the egg- 
appariitus. This is the extent 
to which the development of 
the female prothallium takes 
place previously to fertilisa- 
tion. In most Angiosperms 
the structurp of the prothal- 
lium is completed hy the for- 
mation, after fertilisation has 
taken place, of additional cel- 
lular tissue : this process is 
initiated by the division of 
the definitive nucleus of the 
macrospore, nuclear division is 
repeated, cell -formation takes 
place, in the manner described 
above for the Gymnosperms, 
and the macrospore becomes more or less completely filled with 
cellular tissue, commonly termed endoiipeiin. 

In a nambfr of dicotyledonous plants (e.g. LoranthftceES. Orol)anchacen. 
Lttbiatffi, CampaniilaoejE] where the embryo-SFio is long and narrow, the endo- 
Hperm is developed by coil-division : the embryo-eae ia divided by two or more 
transverse aepta and longitudinal divUionB follow. And even when the de- 
velopment of the endosperm begiua with free cell -formation, its further develop- 
ment is effected by the growth aud dicision of the Brst-formed cells. 
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The decree of development attained by the endosperm in Angiosperms is 
varions. Whilst, as a rule, it completely fills the embryo-sao, leading room, 
however, for the embryo, in some cases it occupies but a portion of tho 
embryo-sac, as in the Coco-nut, where it forms a thick parietal layer ; or, as in 
NymphsBa, Nuphar, Anthurium, Viscum, Lathrsea, Thesium, Bhinanthus, etc., 
where the development of endosperm is confined to the upper half of the 
embryo-sac. In some cases the endosperm is rudimentary, being represented 
merely by a number of nuclei, as in TropsBolum, Trapa, Naiadaceie, Alismacese, 
Orchidaceae ; and in Canna even this rudimentary development is wanting. 

The antipodal cells do not, as a rule, undergo any further development, but 
tnr some cases {e.g. some Graminaceae) they have been observed to divide and 
give rise to a considerable mass of cells. 

The female organ is essentially an arcbegonium. In most 
Gymnosperms it is actually an archegoniam, like that of the 
Pteridophyta ; it is developed from a single superficial cell of the 
prothallium at the micropylar end, and has a neck, containing a 
canal-cell, leading to a ventral cavity in which lies the female cell 
or oosphere ; but in Welwitschia the arcbegonium is reduced to a 
single cell with a cell- wall ; and in Gnetum to a single cell with- 
out a cell-wall, the oosphere. In the Angiosperms the female 
organ resembles that of Gnetum, in that it is reduced to a single 
naked cell : the three cells constituting the egg-apparatus repre- 
sent each an arcbegonium reduced to a single cell ; but in one 
only is this cell a true fertile oosphere, the other two (the syner- 
gidae) being sterile as a rule. 

In a fe«v plants the egg-apparatus consists of but two cells (the rule in SantU'- 
lum album ; occasionally in Ornithogalum nutans^ Sinningia, Gomphrena, some 
Orchids such as Orchis latifolia, Cypripedium Calceolus^ Gymnadenia Conopsea, 
some Mimosese) : it would appear, that, in such a case, there has been but one 
nuclear division in the micropylar end of the embryo-sac. Both the cells are 
susceptible of fertilisation, and are therefore both to be regarded as oospheres. 

In some plants (Crocus, Gladiolus, Torenia Fig. 285, Santalum) the syner- 
gideo become elongated, and penetrate the wall of the embryo-sac ; their project- 
ing ends are longitudinally striated and are covered with a coat of cellulose : 
these structures are sometimes spoken of as the Jlliform apparatus. 

In Casuarina, the cells of the egg-apparatus (when fertile) are surrounded by 
cell- walls (like the oosphere of Welwitschia) : no antipodal cells are developed. 

Follination. In view of the fact that tlie female cell (oosphere), 
and the prothallium bearing it, remain (as a rule) permanently 
enclosed in the macrospore, and that the macrospore remains en- 
closed in the indehiscent macrosporangium, it is clear that the 
process of fertilisation can only be effected when the microspore 
germinates in immediate proximity to the macrosporangium. 
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The bringing of the microspore into such close relation is what is 
termed pollination. When the pollen of any one flower is brought 
into relation with the macrosporangium of the same flower, the 
case is one of self-pollination ; when the pollen of any one flower is 
brought into relation with the macrosporangium of another flower 
(whether on the same plant, or on another plant of the same 
species), the case is one of cross-pollination. 

The microspores when so brought are placed under conditions 
of moisture and nutrition favourable to their germination. In 
Gymnosperms, where there is no ovary and no stigma, the micro- 
spore is brought into direct contact with the micropyle of the 
macrosporangium. In the Angiosperms, where there is an ovary 
and a stigma, the microspores cannot come into direct contact 
with the macrosporangium ; they fall upon the stigma and ger- 
minate on its moist surface ; the pollen-tubes then grow down into 
the ovary, down the style, if there is one, and finally enter the 
ovules (see Fig. 280). 

In certain cases flowers, of course ambisporangiate, are so 
modiBed as to ensure self-pollination: instances of this are afforded 
by species of Viola, Lamium amplexicaule, Oxalis Acetosella, and 
others, where the plant (in addition to the ordinary flowers) bears 
inconspicuous flowers which do not open, and in which self- 
fertilisation is perfectly effected by the pollen ; these peculiar 
flowers are said to be cleistogamous. 

In the great majority of Phanerogams, however, cross-pollina- 
tion is the rule. In the case of monosporangiate flowers {e.g. 
Gymnosperms) it is clear that pollen must be conveyed from a 
staminate to a carpellary flower. It is also known that in a great 
number of ambisporangiate flowers, pollination is effected by the 
transfer of pollen from one flower to another : in some of these 
cases it has been demonstrated that it is only the pollen of another 
flower which can effect fertilisation ; in other cases, that the 
pollen of the same flower, though not absolutely useless, has less 
fertilising power than that of another flower; and in yet other 
cases, that though the pollen of the flower itself has sufficient 
fertilising effect, yet the progeny is less vigorous than when 
pollen is supplied from another flower. 

The convej'ance of pollen from one flower to another is effected, 
in the case of a number of plants with inconspicuous flowers {e.g. 
Gymnosperms, Grasses, many Dicotyledonous Forest-trees), by 
the agency of the wind, when they are said to be anemophilous; bat 



454 PART III. — THE CLASSIFICATION OF PLANTS. 

in tlie case of flowers whicli are conspicuous by their size, colour, 
perfume, or by tlieir secretion of honey, the conveyance is effected 
by the insects which are atti-acted to visit the flowers; such 
flowci-s are said to be entomophiUms. 

In those anibisporangiate flowers to which cross-fertilisation is 
indispensable, or at least important, the most various contrivances 
are exhibited for the purpose of hindering or limiting self-pollina- 
tion on the one hand, and, on the other, of facilitating cross- pol- 
lination ; or finally, in default of cross- pollination, of ensuring 
ultimate self-pollination, this last, of course, only in those cases in 
which the pollen of the flower itself is capable of fertilising it ; 
for it is evident that self-pollination, even if not very advan- 
tageous, is at any rate of some use to the plant. 

Among the contrivances for the prevention of self-pollination, 
one of the simplest is the arrangement of the anthers and stigma 
in such positions that the pollen cannot possibly reach the stigma 
of the same flower, e.g. Aristolochia (Fig. 298) : or secondly, the 
abortion of all the microsporangia in some flowers and of all the 
macrosporangia in others; in such flowers the organs in question 
are present, but they are not functional. This is an approach to 
the diclinous condition ; it occurs in the Tiger-Lily, in which the 
anthers are commonly abortive in some flowers and the ovaries in 
others. Thirdly, dichogarmj frequently occurs, that is, that the 
stigmata and stamens attain their functional activity at different 
times: flowers in which this occurs are either protandrousj that is, 
the anthers are first developed and have already shed their pollen 
when the stigma of the same flower is capable of receiving it; or 
they are piotogynousj that is, the stigma is fully developed before 
the anthers of the same flower are ready to shed their pollen : in 
the latter case self-pollination is obviously only excluded if the 
stigma is withered before the pollen is shed ; there are, however, 
protogynous flowers in which the stigma remains fresh for a long 
time and which may be pollinated by their own pollen. As 
examples of protandrous flowers, those of the Umbelliferee, and 
most of the Compositee, Lobeliacese, and CampaimlaceaB may be 
mentioned ; and of protogynous flowers, Aristolochia, Arum, 
Scrophularia nodofta, and some species of Plantago, but this con- 
dition is less common than the preceding. 

Among the contrivances which lead to the cross-pollination of 
flowers by the agency of insects, the means of tempting insects to 
visit the flowers, such as bright colours, odours, and the secretion 
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of honey, must be first mentioned. The peculiar marking of the 
flower serves in many cases the purpose of guiding insects to the 
nectary. The form of the flower, the situation of the honey, the 
position of the stamens, and their relation to the other parts of the 
flower, particularly to the stigma, the relative development in 
point of time of the different parts, all these circumstances com- 
bine and co-operate to secure cross-pollination, and sometimes to 
allow of the visits of particular insects only, as, for instance, of 
butterflies with long pfobosces, though there are also cases in 
which the insects must occasionally convey the pollen to the 
stigma of the same flower. A simple arrangement of this kind 
known as heterostylism or dimorphism, and which occurs in species 
of Primula, Pulmonaria, Linum, Polygonum, etc., may be men- 
tioned here. These plants have two forms of flowers ; in one 
form the stamens are short and the style much longer, so that the 
stigma projects above the anthers ; in the other form, on the 
contrary, the anthers are on long filaments above the stigma; 
they are both so constructed that the anthers of one form stand on 
the same level as the stigma of the other. From the position of 
the nectary, and the form of the rest of the flower, an insect 
visiting it is obliged to take up the same position at each visit ; 
consequently after it has visited a flower of the one form, when 
it visits a flower of the other form, it touches the stigma of the 
latter with the same part of its body with which in the first 
flower it brushed the anthers, and thus the pollen which it 
carried away with it from the anthers of the one flower is trans- 
ferred to the stigma of the other. Observations made by arti- 
ficially transporting the pollen have shown that fertilisation is 
most complete when the pollen of stamens of a certain length is 
conveyed to the stigma of a style of the same length. The same 
is the case with trimorphic plants, e.g. Oxalis, Lythram Salicaria : 
in these, three forms o£ flowers occur with three different lengths 
of styles and stamens. 

As examples of more complicated contrivances for the purpose 
of securing cross-pollination, Aristolochia and Epipactis may be 
described. 

The flower of Aristolochia Glematitis (Fig. 293) is protogynous ; 
insects can penetrate without difficulty down the tube of the 
perianth, which is furnished on its internal surface with hairs 
which point downwards, and they thus convey the pollen they have 
brought with them from other flowers, to the stigma; the hairs, 
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however, prevent their return. When the pollen has reached the 
Htigma, its lobes (Fig. 293 A and B n) spring npwards, and thus 
the anthers, which now begin to open, are made acccaaible to the 
insects ; these, in their efforts to escape (Fig. 293 i), creep i-onnd 
the anthers and some of the pollen adheres to them; hy this time 
the hairs in the tube have withered, and the insect escapes, dnsted 
over with pollen which, in spite of experience, it proceeds to convey 
in like manner to another flower. 
Those flowers which are ready 
for pollination have an erect 
position and the tnbe of the 
perianth is open above ao that 
the insect can readily enter ; 
after pollination the pednncle 
bends downwards and the tube 
IS closed by the broad lobe of 
the perianth ao that it is im- 
possible for insects to enter 
flowers which have been fer- 
tilised 

In the fiowei of Epipactis 
(one of the Orrhidaceee), the 
anther is situated above the 
stigma and does not shed its 
pollen in isolated grains; bnt 
when a certain portion of the 
stigma (the abortive anterior 
lobe) known as the roetellu-m, 
(Fig 2% h) la touched, the 
two pollmia together with a 
mass of sticky substance (re- 
tmaculum) derived from the 
rostellom, are removed from the 
pollen-saofi, adhering to the for- 
F«. 293.^riowBrof Ariitoiochta. ^Before, cign body (Fig. 294 !■, /i)- The 

ftaa B after tertiliBationi r the tube of the jngect creeps into the flower 
poriftnih; t the cavity below; n stigma; o , w ■ „ . t- i. ■ 

antherB;.anioMOt;Ji/ovflrr. (After BacbB.) to obtain the honey which is 

secreted in the cavity of one of 
the leaves of the perianth, the lahellum, (Fig. 294 I) ; ae it with- 
draws from the flower, it carries away the pollinia on iti:i head, 
and on entering the next flower, deposits them npon the etignia 
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In the course of frequent cross-polH nation it is inevitable that 
the pollen of other species of plants should be applied to the atigma ; 
but while the pollen of plants of widely different species is wholly 
without efPect, that of nearly allied species, particularly those 
belonging to the same genus in certain groups, has a fertilising 
effect ; the result of cross-fertilisation between species is hyhridi- 
galion, that is, the development of a piftnt which combines the 
characters of both parent-species to a certain extent, and which is 
known as a baelard or hybrid. 
Hybrids are for the most part 
sterile among themselves, but 
are often fertile when crossed 
again with a plant of either 
of the parent- species or of some 
allied species. While hybrids 
are produced with great ease 
in certain genera, as Salix and 
Cirsinm, in others the artificial 
production of hybrids has never 
yet been found possible even 
between very closely allied 
species, as the Apple and Pear. 

FertUitalion. As in other 
plants, so here, the process of 
fertilisation consists in the fu- 
sion of the male and female 
reproductive cells. The way in 
which it takes place in Phane- 
rogams is briefly as follows : — 
The pollen-tube makes its way 
to the female organ, entering 
the neck of the archegonium in 
the Gymnosperms, and coming 
into close relation with the egg- 
apparatas in the Angiosperms. 
The apex of the wall of the 
pollen-tube is at this time 
mucilaginous : a small na- 
cleated mass of protoplasm, thie male 
through tl — - • -. 

leus oil 




. (see p. 450), is forced out 
the oosphere ; the 



nucleus on 



458 



PART III. — THE CLASSIFICATION OF PLANTS. 





Fio. 296.— Sections of ripe Reed. A Nux vomica, 
showing E en<lo»perm. J? Piper, showinf;^ both endo- 
sperm E, and perisperm P. C Almond, devoid of 
endosperm ; a the testa ; e embrjo ; to its radicle ; 
c c its cotyledons. 



cell (female pronucleus) approach each other and fuse into one, 
the two protoplasms likewise f nsing. Fertilisation is now com- 
plete ; in consequence, 
the oosphere sun^unds 
itself with a cell -wall, 
becoming the oospore, 
and begins to develope 
into the embryo- sporo- 
phyte. Further details 
are given in the sec- 
tions on Gymnosperms 
and Angiosperms respec- 
tively. 

The Results of Fertilisation. The most direct result of fertilisa- 
tion is the development of the embryo from the fertilised oosphere, 
a process which involves the conversion of the ovule into the seed: 
But the effect of fertilisation is not limited to this : other parts 
of the flower are affected in such a way that they undergo marked 
changes in structure, accompanied by considerable increase in size, 
the product being the structure known as the fruit (p. 88). In 
some cases the carpels only are affected, becoming either fleshy 
and succulent {e.g. Plum), or dry and hard {e.g. Poppy) ; in others, 
the floral axis becomes fleshy {e.g. Strawberry); in others again 
the perianth- leaves also (e.g. Mulberry). It is convenient to 
regard as true fruits only those which are developed from the 
gynsBceum alone ; and as false fruits, or pseudocarps, those in the 
formation of which other parts of the flower or of the inflorescence 
take part. 

The seed (p. 88) is produced from the ovule, as a consequence of 
the fertilisation of the female cell contained within thw ovule : its 
characteristic feature is that it contains an embryo. The seed 
(Fig. 295) may contain little or nothing but the embryo, in which 
case it is said to be exalhuminous {e.g. Pea, Bean, Sunflower, 
Almond, Oak) : or it may contain, in addition to a small embryo, 
a considerable portion of the female prothallium (endosperm), when 
it is termed albuminous {e.g. Grasses and most Monocotyledons, 
Ranunculaceee) : in a few rare cases the albuminous seed contains, 
in addition to the embryo and endosperm, some of the nucellar 
tissue of the macros porangium which is termed perisperm {e.g. 
PiperacesB, NymphseacesB, ZingiberaceeB): in Canna, Chenopodiaceae, 
Amarantaceee, PhytolaccacesB, and Nyctaginacese, there is peri- 
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sperm but no endosperm in the ripe seed, thongli it has been 
ascertained in some cases that endosperm is originally formed. 

A formation of endosperm takes place in nearly all seeds, even 
exalbuminons seeds, bnt in these latter it is more or less dis- 
organised and absorbed by the growing embryo, so that little or 
none remains in the ripe seed. 

Whether the seed be albuminous or exalbuminons, it contains 
(except in some parasitic or saprophytic plants, such as Orchids, 
etc.) a supply of organic substances for the nutrition of the 
embryo during its exti*a-seminal period of development. These 
substances may be mainly stored in the cells of the cotyledons, as 
in exalbuminons seeds; or in the cells of the endosperm, or in 
the cells of the perisperm, when present, as in albuminous seeds. 
The substances are nitrogenous and non- nitrogenous. The nitro- 
genous substances are proteids, deposited in the solid form as 
aleuron (see p. 112), and are present in all seeds. The non-nitro» 
genous substances are starch, in the form of starch-grains (see 
p. 109), in starchy seeds (e.g. Peas, Beans, Cereals, etc.) ; or fat, 
in the form of oil-drops (see p. Ill), in oily seeds (e.g. Linseed, 
Rape, Castor-Oil seed, etc.). 

The seed is generally enclosed in a single integument, the testa, 
derived from the outer integument of the ovule, the inner integu- 
ment of the ovule having been absorbed ; sometimes, however, the 
seed has two integuments derived from those of the ovule, an 
outer testa, and an inner endopleura (e.g. Euphorbiaceee, Rosaceee) : 
in others again neither of the ovular integuments persists into the 
seed, in which case the wall of the embryo-sac is in direct con- 
tact with the wall of the ovary. 

In a few cases additional integuments or appendages are de- 
veloped in connexion with the seed, such new growths being 
designated by the general term aril. The aril may be developed 
from either the f unicle or the hilum ; or from the micropyle, when 
it is distinguished as an arillode. Good examples of a funicular 
aril, which grows up round the seed like an additional integument, 
are afforded by the Yew, Water-Lily (Nymphsea), Passion-Flower, 
The Willow has a funicular aril in the form of a tuft of woolly 
hairs. The most striking example of a membranous micropylar 
aril is the Spindle-tree (Euonymus) : in Euphorbia and Polygala 
the micropylar aril is a small mass of tissue, and in Asclepias it 
is a tuft of hairs. Other excrescences, not especially connected 
with either the hilum or the micropyle (sometimes distinguished 
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as caruncles or strophioles), occar in certain plants: thus in the 
Violet and the Celandine (Chelidoniam) an elevated ridge marks 
the coarse of the raphe, and in the Willow-herb (Epilobium) a 
toft of hairs springs from the chalaza. 

The most important point to be considered is, however, that of 
the stractni'al conditions which determine the production of a seed 
in the Phanerogams, the feature which sharplj defines this group 
of plants from all others. The structural conditions are briefly as 
follows : — the macrospore (embryo-sac) is not set free from the 
macrosporangium (ovule), as is the case in the heterosporons 
Ptei'idophyta ; nor does the macrosporangium itself separate from 
the plant producing it until it has ripened into the seed : this 
being so, the macrospore germinates inside the macrosporangium, 
producing there the female prothallium with its reproductive 
organs : fertilisation of the oosphere, as also the development of 
the embryo fi-om the oospore, takes place inside the macrospore ; 
and thus the seed is formed. If the macrospore were set free 
from the macrosporangium, no seed would be formed ; but in that 
case the condition of things would be that which actually exists 
in the higher heterosporons Pteridophyta, such as Selaginella. 

Some seeds can germinate as soon as they are shed : but, for 
the most part, they only do so after a period of quiescence, though 
they may lose their germinating power if this period be too pro- 
longed. 

The Dissemination of the Seed. Fruits are either dehiscent, so 
that the seeds escape, or are indehiscent : in the former case the 
seeds, and in the latter case the fruits, present various adaptations 
for ensuring their dispersion. The most conspicuous are those 
which ensure dispersion by the wind : of this nature are the wing- 
like appendages of the fruit in the Maple, Ash, Ailanthus, Elm, 
etc. ; and of the seed of Pinus, Tecoma, Catalpa, etc. : also the 
hairy appendages of fruits (e.g, the pappus of Composites, the 
feathery style of Clematis, etc.), and of seeds (e.g. on those of 
Gossypium the Cotton-plant, .Willow, Poplar, Asclepias, etc.). 
Other adaptations ensure dispersion by animals; sach are the 
hooks on fruits (forming burrs), as in various Boraginacese, 
Compositae, Galium, etc. : the succulence and agreeable taste of 
many indehiscent fruits also promotes the dispersion of the seeds, 
the fruits being eaten by animals and the seed being protected 
from digestion by hard protective tissue either in the fruit (endo- 
carp) or in the seed-coat (testa). In some cases (e.g. Echallium 
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Elaterium, the Squirting Cucumber; Impatiens nolume-tangere ; 
Oxalis Acetosella; Hvra crepitans) the fruit dehisces suddenly, 
* ejecting and scattering the seeds with considerable force. Some 
fruits, provided with a long appendage (awn), bore their way into 
the soil (e,g, Stipa pennata^ Erodium). 

The Life- History of the Phanerogams is essentially similar to 
that of the heterosporous Pteridophyta, though, on account of the 
structural peculiarities which bring about the formation of a seed, 
it is not quite so easy to trace. The sporophyte, or asexual 
generation, is represented by the plant itself, bearing macro- and 
micro-sporangia and macro- and micro-spores. The gametophyte, 
or sexual generation, is represented by the male and female pro- 
thallia developed respectively from the microspore and the 
macrospore. Thus there is a definite and regular alternation of 
generations, since the male and female prothallia can only be 
developed from the spores of the sporophyte ; and, on the other 
hand, the sporophyte can only be developed from the immediate 
product of fertilisation, the oospore. 

The gametophyte is here very much reduced, even more so than 
in the highest heterosporous Pteridophyta, especially as regards 
the female individual. In the Phanerogams, in consequence of 
the indehiscence of the macrosporangium and of its remaining 
attached to the plant producing it, the macrospore germinates 
whilst still in organic connexion with the spoi-ophyte, with the 
remarkable consequence that the female individual (or pro- 
thallium) is actually an appendage of the sporophyte, and seems 
to be so much a part of it that its true morphological significance 
is easily overlooked. 

The life-history of these plants is made clear by a morphological 
consideration, as indicated in the following table, of the structure 
of the seed : — 

Seed-coats . . • | ~ macrosporangium of parent- 
Perisperm (if present) 3 sporophyte. 

Endosperm . . . = gametophyte : female pro- 
thallium. 
Embryo . . . = young sporophyte. 

When a plant perishes after once producing flowers and seeds, 
it is said to be monocarpous. In rare cases (e.g. Agave americana) 
several or even many years elapse before the plant blooms : more 
common are annual plants (indicated by the sign 0), i.e, such as 
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complete the whole coarse of their development in a single year, 
as the Wheat ; and bienniaU, which do not blossom until the 
second year of their life, when they perish, as the Turnip, Carrot, 
Beetroot, etc. Bj polycarpous plants are meant sach as produce 
flowers and fraib year after year ; such are trees and ehmbs, as 
also many herbaceoas plants wliich have nntlet^round rhizomes, 
tnbers, etc. 

The group of the Phanerogams falls into two natnral dtrisioDs ; 
the one containing but a single class ; the other, two classes. 

A. GYMNOSPERM^. 

Sporophytic Characters. The ovole is not enclosed in an oyary, 
nor is there any style or stigma : in pollination, the polIeD-grain 
enters the mtcropyle and comes into direct contact with the 
□ncellns : the flowers are never ambisporangiate, and are generally 
without a perianth: there are no companion-cells in the phloem, 
and the secondary wood does not (except Gnetaceae) contain true 
vessels. 

(Janietophytic Characters. The female prothallinm is compietoly 
formed before fertilisation ; the female organ is generally a well- 
developed archegoDium. 

Class I. — Gvhsosperm*. 

B. ANGIOSPERM^. 

Sporophylic Characters. The ovule is enclosed in an ovary, and 
there is always a stigma ; the pollen-grain does not come into 
direct relation with the ovule, but falls npon the stigma and 
germinates there: the flowers are commonly ambisporangiate and 
possess a perianth: there are companion-cells io the phloem, 
and the secondary wood generally includes true vessels. 

Ganietophytic Characters. The female prothallium is only partly 
formed before fertilisation : the female organ is a redoced nni- 
cellotar archegoninm. 

Class I. — MONOCOTVLEDOKEs. The embryo has but one cotyle- 
don ; the ripe seed is usually albuminous. 

Class II. — DicoTVLEDOSES. The embryo has two opposite coty-- 
ledons : the ripe seed is freqnently exalbnmin( 
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CLASS I.— GTMNOSPERM^. 

The plants of this class are all perennial trees and shrubs, for 
the most p&rt evet^reen ; they are classified into the three natnral 
orders, Cjca^aceae, Coniferte, and Onetaceie. 

The Spubophyte. 

General Morplwlogy of the Vegetative Organg. The body is dis- 
tinctly differentiated into stem, leaf, and root. 

The Stem grows above ground, nsually erect, but climbs in 
several species of Gnetam : it is woody, and is generally branched 
monopodialiy ; the symmetry of the main stem is radial, whilst 
that of the branches is frequently bilateral, either isobilateral (e.g. 
Thuja, phylloclades of PhyllocladnH) ordorsiventral {e.g. ThitjopgU 
dotabrata, Abies Nordmaiiniana and concolor, Tftxus, Torreja, and 
many other Coniferte in which the branches are horizontal). The 
branches in many Coniferw {e.g. Finns, Sciadopitys, Phyllocladus, 
Larix, Taxodinm, Cedrus, Gink/;^) are dimorphous, being either 
long shoots or dwarf-shoots (see p. 39): in Phyllocladns the 
dwarf-shoots are developed into phylloclades ; in the other forms 
the dwarf -shoots all bear foliage-leaves and fall off, sooner or later, 
with the leaves which they bear : in Finns and Sciadopitys the 
dwarf-shoots alone bear foliage -leaves, whilst in the other genera 
the long shoots bear foliage-leaves as well. 

The Leaves ai-e either fnliage-leaves or scale-leaves. The foliage- 
leaves are either small and numerous, as in the Coniferte ; or large 
and few, as in the Cycadacete, and as in Welwitschia where thei-e 
are only two foliage- leaves : they are branched only in the 
CyeadaoesB: they are sessile in the Conifene and in Welwitschia: 
their growth is basal : their form varies considerably, one of the 
most peculiar forma being that characteristic of certain Conifewe 
(Abietinere) where the leaf is needle-like (acioular) and either 
flattened or prismatic and angular. Larix, Ginkgo, I'ttsodium 
disticham, and Glyptostrobus, are the only forms in which the 
leaves fall annually; in the others the leaves persist for two to 
ten years, or, as in Welwitschia, throughout the life of the plant. 
Sltnge-leaves are absent in Phyllocladns and generally in Ephedra. 
-* I ophyliy is observable in some cases : 
flowers sometimes differ from 
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those of the vegetntive shoots, as in Dacrydium cupregeinvm, where 
the leaves of the fertile shoots are scale-like and radially arranged, 
whilst those on the vegetative shoots are linear and are arranged 
in two lateral rows ; or as in Seqwna gigantea where the leaves of 
the fertile shoots are shorter, broader, and more closely arranged 
than of the vegetative shoots : or the younger leaves may differ 
from the older, as, for Instance, in certain Cnpressineee with scale- 
like foliage-leaves, where the first foliage- leaves of the young 
Htem are acicular (Thuja), or where some of the hranchea bear 
ftcicular leaves (Jnaipenis) : or in those same Cupressineie (e.g. 
Thuja) the leaves borne on the flanks of the shoot differ in 
shape from those on the upper and lower snrfaces, the latter 
being fui-ther distinguished by having each a resin -receptacle (see 
Fig. aOO, p. 486). 

Scale-loaves, destitute of chlorophyll, occur in nearly all the 
Cycadacere, in most Conifers (absent in most Caprcssineee and 
Araucarieee) and in Ephedra (Gnetaces). In the Cjcadaceee the 
Hcale-leaves are present in great number, completely covering the 
sni'face of the stem, and ai-e developed at the growing.point alter- 
nately with tliu foliage- 1 eaves, but in much greater nnnibers: in 
Pinas, PhyUocladns, and Sciadopitys, the scale-leaves are the only 
leaves home by the long shoots ; in Phyllocladns and Ephedra 
they are the only vegetative leaves. 

The Frimary Root always persists as a tap-root. 

General Histology. The Stem, The growing-point of the stem 
generally described as presenting in the Abietinefe a well-marked 
differentiation into deriaatogen, periblem and plerome, whilst in 
the other Conifene the distinction between periblem and plerome 
is less clear, and in Ephedra even the distinction between derma- 
togen and periblem is not definite ; it has been asserted from time 
to time, though without absolute demonstration, that, in the Cy- 
cadaceie, the Coniferse, and in Gnetum and Ephedra among the 
Gnetaceie, there is an apical cell, either three-sided or four-sided, 
in the growing-point. 

The stem is monostelic ; the stele is surrounded by a pericycle 
which may be simply pareachymatona (e.g. Finns) or consist of 
thick-walled fibres (e.g. Taxus) ; the primary vascular bundles are 
collateral, are open, and have the nsnal general structure; they 
are generally arranged in a single circle round the pith, bat in 
Cycas there is a system of canline bundles in the cortex, i 
Encephalartoe there is a similar system in the pii 



in WeliriVi 
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scliia there are apparently both a cortical and a medullary eystem. 
Secondary growth, in thickneas takcB place a« a rale by means of 
a normal cambium-ring; but in some casea the activity of the 
normal cambium is short-lived, and a, new raerismatio layer ia 
developed in the pericycle ; thus in Cycas, Bncephalartos, and 
species of Gnetnm, the merismatic layer resembles the trne 
cambium in that it forms wood intcmaily and bast externally, 
and in theae plants successive merismatic layers are formed ; 
in Welwitschia the merismatic layer forms vascular bundles 
and g^und-tissue internally, and cortex externally, and persists 
throughout the life of the plant. In the Cycadacete and ConiferK, 
the secondary wood consists exclusively of tracheidea with rounded 
or elongated bordered pits (acalariform tracheides) and of paren- 
chymatona medullary raya, but true vessels are formed in the 
Gnetaceffl ; the secondary bast baa genei-ally the normal structure, 
bat in some casea (Abietinete) it haa no baat-fibres. 

The Foliage-leaf is characterised by ita well- developed epidermis 
the cells of which are fibrous (Pinaa, Torreya) : the stomata 
are always depressed below the surface, and are borne usually on 
the under surface only, when the leaf is flat {e.g. Cnnninghamia, 
Abies, Taxua, Ginkgo, etc.), or on both sides (some Araucariaa, 
Podocarpus), or on the upper aide only (Juniperus), bnt on all 
aides when the leaf ia acicular (e.g. Pinna, Picea, etc.): the 
epidermia ia snpported by a hypodermal layer of fibrous aclerenw 
chymatous cells ; when the leaf is flat, the meaopbyll is more or 
leaa clearly differentiated into palisade and spongy tissue, bnt 
when it is acicular the mesophy 11 ia uniform throughout, consisting 
of parenchymatous cells with corionsly infolded walls: the acicnlar 
leaves (Abietinete) have a aingle centra! vascular atrand en- 
cloaing two bundles which give off no branches ; in the flattened 
leaves there may be several riba which either do (e.g. Ginkgo) or do 
not (e.g. Dammara, Araucaria) branch in the lamina, and in all 
these casea the handles end blindly ; in Gnetum the leaf, and in 
StangeEia the leaf-pinna, baa a midrib and pinnate venation ; the 
multicoatate leaf of Welwitachia haa parallel venation. A remark- 
able feature in the structure of the leaf is the presence, in all the 
genera, of a tissne, termed trnnefusion- tissue {p. 169), which consists 
of parenchymatous cells, some of which contain no protoplasm and 
have pitted walla, being in fact tracheides, whilst others cou- 
^buu proto um and have nnpitted nails: in the Abietinete thia 
J of the pericycle of the vascular strand, 
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and is surrounded by a well-marked endodermis ; in the other genera 
it appears to be specially differentiated mesophyll freqnentij (e.g. 
Cycas, Podocarpns, Cephalotaxus) consisting of cells elongated 
transversely to the long axis of the leaf : the use of the trans- 
fnsion-tissae is to compensate for the absence of a much -branched 
vascular system in the leaf, the tracheidal cells serving to distri- 
bute water from the xylem of the bundles to the mesophyll, the 
other cells serving to convey organic substances formed in the 
mesophyll to the phloem of the bundles. 

The Boot grows in length by means of a growing-point differen- 
tiated into dermatogen, plerome and periblem, and root-cap as in 
Dicotyledons (see p. 154) ; there are commonly two xylem-bundles 
in the stele : the cambium-ring is formed in the usual way : the 
phellogen is derived from the pericycle ; in many cases the cortical 
cells, other than those of the endodermis, show thickenings on 
their radial walls similar to those of the endodermis-cells ; this is 
either confined to a single (penultimate) layer of the cortex (e.gr. 
Cupressus, Thuja, Biota, Taxus, Cephalotaxus, Ginkgo), or it 
extends to several layers (e.g. Sequoia, Taxodium, Juniperus, 
Araucaria) ; the epiblema is generally devoid of root-hairs, but 
these are abundant in Taxus. 

General histological peculiarities. In all the Coniferse, except 
Taxus, resin-ducts (see p. 139) are present: they are always to be 
found in the leaves and in the cortex of the stem, sometimes also 
in the pith of the stem (Ginkgo), in the primary wood (Pin us, 
Larix), or in the primary bast (Araucaria) ; they are absent from 
the root in many genera (Cryptomeria, Taxodium, Podocarpns, 
Dacrydium, Tsuga, Cunninghamia, Ginkgo), and when present 
they never occur in the cortex, but are situated in the primary- 
wood (Pinus, Larix), in the primary bast (Araucaria), or as a single 
canal in the centre of the conjunctive tissue (Cedrus, Abies, Pseu- 
dolarix) : they are formed also in the secondary wood (Pinus, 
Picea, Larix) or in the secondary bast (Cupressus, Thuja, Arau- 
caria) of both stem and root. Mucilage-ducts, resembling the 
resin-ducts of the Conifer©, occur in the cortex of the stem in the 
Cycadaceee. 

The bast of the Gymnosperms resembles that of the Pterido- 
phyta, and differs from that of the Augiosperms, in that it contains 
no companion-cells (see p. 137), the function of these cells being 
performed by certain cells belonging either to the medullary rays 
(AbietinesB, some CupressineaB and Taxodinese) or to the bast- 
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parenchyma (Araucarinese, TaxoidesB, some CupressinesB and Taxo- 
dineae, the CjcadaceeB and Gnetaceos). 

A remarkable feature in the histology of Welwitschia is the 
presence in the ground-tissue of large thick-walled fibrous cells, 
called spicular cells, in the walls of which crystals of calcium 
oxalate are deposited ; the occurrence of these crystals in the cell- 
walls is common throughout the class (Fig. 65). 

The General Morphology of the Reproductive Organs, The repro- 
ductive organs are micros porangia (pollen-sacs) and macrosporangia 
(ovules) : the microsporangia are always borne on sporophylls, but 
the macrosporangia are sometimes borne directly on the axis 
{e.g. macrosporangia of TaxesB and of the Gnetacese) : they are 
developed on distinct shoots, and frequently on distinct plants 
{e.g. CycadaceaB: some Coniferse, such as most AraucarineaB and 
TaxesB; GnetacejB generally). 

Certain shoots are more or less clearly differentiated a,8 flowers; 
the only exception being Cycas in which there is no proper macro- 
sporangiate flower. The flower is always monosporangiate : its 
structure varies widely ; it may consist merely of a terminal 
sporangium invested by a few small bracts {e.g. macrosporangiate 
flower of Taxese) ; of a terminal sporangium with a rudimentary 
perianth (macrosporangiate flower of Gnetacse); of one or more 
sporophylls borne on a short axis and surrounded by a perianth 
(microsporangiate flower of Gnetacese) ; or of a larger or smaller 
number of sporophylls arranged on an elongated axis, the whole 
forming a cone. 

In the GnetacesB the flowers are arranged in spicate inflor- 
escences, and are situated in the axils of bracts which are more 
highly developed in this order than in any other Gymnosperms. 

The Sporophylls are of two kinds, distinguished by the nature 
of the sporangia which they respectively bear, as microsporophylls 
and macrosporophylls. When the flower is a cone, the sporophylls 
have a general resemblance to scaly leaves : in other flowers 
(TaxeaB, Cycas, Gnetaceee) they have various and specialised 
forms. 

The microsporophyll (stamen) occurs in its simplest form in the 
Cycadaceffi, where it is a large stout scale bearing usually an in- 
definite number of microsporangia on its under surface. In some 
of the ConifersB {e.g. Pinus), the microsporophyll essentially re- 
sembles that of the Cycadaceoe, though it is much smaller (in 
proportion with the smaller flowers) and bears only two micro- 
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Bpoisn^a. In the other Conifer» the microsporophylU, bearing 
2-15 sporungia, show more or less distinct differentiation into 
ft stalk bearing a termiiiAl leaf; expansion, nnti), in Taxtis, a 
stage is reached where the microsporophyll consists of a stalk 
bearing a peltate lamina, on the under sarface of nhich the spor- 
angia are developed. In other words, the microsporophyll con- 
sists of a filament bearing a sorus of sporangia which constitutes 
an anther (see p. 432), In al) cased the microsporangia are 
developed on the morphologically nnder (dorsal) savface of the 
sporophjll. 

The gradaal differentiation of the microspoi-ophyll, which can be 
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traced in the Coniferte, leads on to the more complete differen- 
tiation and specialisation which obtains in the Gnetacese and ia 
the Angiospei'ms. In Gnetum, however, there are no microsporo- 
phyllB. 

The macro^rophi/ll (carpel) appears in a simple, yet typical, 
form in Cycas (see Fig. 303), the one Gymnoaperra which has no 
distinct macrosporangiate flower. Here the carpels are essentially 
similar to the foliage-leaves, though they are smaller, of a yellow 
colour, and of a somewhat. diCTerent form : they are, in fact, do- 
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veloped at the growing-point of the stem in the place of a whorl 
of foliage-leaves. The few sessile macrosporangia are borne 
laterally on the lower part of the sporophyll. 

In the other CycadaceaB, the macrosporophyll is a stout scaly 
leaf, thickened at its outer end, bearing usually two lateral ovules, 
one on each side. 

In the ConiferaB, the simplest form of macrosporophyll is to be 
found in Dammara (Araucarinese), for instance, where it is simply 
a scaly leaf bearing a single macrosporangium on its upper surface : 
in other forms the superior surface of the macrosporophyll is 
clearly marked out, by outgrowths of various kinds, into an apical 
and a basal half, the latter alone beanng the (1-7) macrosporangia 
(e.g. Taxodineas, CupressineaB): in the Abietinese (Pinus, Larix, etc.) 
the sporangiferous structure of the preceding families is developed 
from the base of the carpel as a placental scale, which is much 
larger than the carpel itself, and bears the two macrosporangia on 
its upper surface. In most Podocarpese, the macrosporophyll is 
likewise differentiated into an apical and a basal half, the latter 
being much thickened, but here it is the apical portion which bears 
the single macrosporangium. In the Taxese the macrosporophylls 
are rudimentary (e.g. Phyllocladus, Cephalotaxus) or absent (e.g. 
Torreya, Taxus) ; even when present they do not bear the macro- 
sporangia. 

In the GnetaceoB there are no macrosporophylls. 

The micros'porangia (pollen-sacs) are borne, in nearly all cases, 
on the lower (dorsal) surface of a sporophyll ; they may be 
numerous (about 1,000) as in some Cycadaceoe ; or few (2-15) in 
the Coniferee and Gnetaceae : scattered (some Cycads), or more 
commonly grouped into one or more sori, with more or less well- 
developed placental tissue ; either imbedded in the tissue of the 
sporophyll (e.g. Abietinese), or freely suspended (e.g. Araucaria, 
Ginkgo) : in the Cupressinese, the sporangia, when young, are 
covered by an outgrowth of the under surface of the sporophyll 
which is comparable to the indusium of Ferns. In Gnetum, as 
there is no microsporophyll, fche two microsporangia are borne on 
the apex of the floral axis. 

The structure of the microsporangium is simple : it is unilocu- 
lar; it contains, at an early stage, a mass of spore-raother-cells 
derived from the archesporium, surrounded by a layer of tapetal 
cells also derived from the archesporium, and by a wall consist- 
ing of one, two, or more, layers of cells : each spore-mother-cell 
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jfires lise to four microapores, which are uiitially tetrahedral, 
bat bilateral in the Cycads. The dehiscence is generally longi- 
tudinal. 

The micTOtporeg (pollen -grains) present no special features be- 
jond the fact that in some genera of Coniferse (e.g. most Abietinew 
and Podocarpete) the exine is dilated into tjwo hollow expansioiiB 
which lighten the pollen-graine and facilitate their dispersal by 
the wind. 

The macrotporangia (ovnles) are borne either terminally on a 
floral axis (e.j. TaxeR, Gnetacete), or on the npper surface of a 
macrosporophyll ; on the floral axis they are borne singly, on the 
Hporophylls their namber varies (1-7) r they are orthotropons and 
seHsile, the micropyle being dii'ccted either towards the axis of the 
cone (in Abietinete, Podocarpcie), or away from it (Cupressineie) : 
they have a single integnment, thongh in some genera (most 
Taxoideie) an arillas is eventually developed. The macrospo- 
rangia areindehiscent. 

The archesporiDm consists of one or more hypodermal cells of 
the micropylar end of the nucellus: from the archesporinm the 
nporogenous cells are developed, as also tapetal cells. By the 
formation of several layers of tapetal cells, and also by the re- 
peated periclinal division of the mictopylar epidermis, the 
uporc^enoQH cells come to he deeply placed in the nucellus, being' 
snrraounted by a considerable mass of nncellar tissue which, in the 
CycadacesB, is hollowed ont at the apex to form the •poUen-cha'm.her.' 
There may be a considerable mass of sporogenons cells (Oycadacefe, 
etc., see p. 43S), a condition which recalls that in the higher 
Pteridophyta.orthere may he asingle sporogenons cell (Abietinese), 
The sporc^enons cell, or one of the sporogenons cells, growa 
rapidly, caasing the absorption of the adjacent cells, and is the 
mother-cell of the macros pore : in some cases, whei-e there are 
many sporogenons cells, several of them may begin to grow in this 
way, but as a rale, one gains the upper hand so that eventnally 
onl^ one mother-cell is present. 

The macrospore (embryo-sac) is developed singly in the macro- 
sporangium, by the growth and maturation of the mother-cell 
which does not undergo division into four as in the Pteridophyta, 
In the Cycadacete the wall of the macrospore, like tl-at of Bpor«8 
generally, is differentiated into two layers, the ontei 
cttticnlarised. 

Fdllinntion. The microspores are oo 
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the microsporangiate to the raacrosporangiate flowers, the Gymno- 
sperma being aaemophiloaB, and they come into direct relation with 
the micropyle. In the case of cone-flowera, the scales separate at 
the time of pollmation, to permit of the pollen.graina being blown 
in between them. The micropyJe of the ovuie aecretea a rauciJa- 
ginons liquid which catches one or more of the pollen-grains : by 
the gradual evaporation of this liquid, the pollen-grain is drawn 
down the micropyle and is lodged on the apex of the nucellua, 
where it germinates. 

. Embryogeny of the Sporophyle. The Gymnoaperms are ail mero- 
blaatic and have a Buepenaor, with the single exception, in both 
respects, of Ginkgo: they are frequently polyembryonic (most 
CnpresstnesB, Abietinese, and Gnetacea;). 

The most peculiar type of development is that which is char- 
acteristic of the Cycadacea), of Ginkgo among Coniferffl, and of 
Ephedra among Gnetacefe. In these plants the germination of 
the ooapoi-e begins with repeated naelear division followed by 
fi^e cell- form at ion which leads, in the Cycadacew, to the production 
either of a layer of ceils ronnd the wall of the archegnninm. (Cycas), 
or of a mass of cells occapying its lower end (Ceratozamia), a 
considerable cavity being left vacant in both cases: in Ephedra, 
several (2-8) loose spherical cells arc formed in a similar manner, 
in the oospore, each with its own proper wall : and in Ginkgo, it 
becomes completely filled with a mass of cells forming a compact 
tissue. In the Cycadacese, the embryonic cells at the lower end of 
the oospore grow ont into the endosperm, forming a saspensor at 
the free end of which the body of the embryo is developed. In 
Ephedra, each of the cells elongates into a enspensor which grows 
out into the endosperm and produces an embryo. In Ginkgo, the 
mass of ceils constitutes the embryo itself ; there is no suspensor, 
but the embryo, in the course of its growth, breaks out of the 
archegoniom into the endosperm. In the Coniferee (except Ginkgo) 
the type of development is essentially the aame throughout, though 
with slight variations. In the Abietineee the nncleus of the oospoi-e 
descends towards the lower end of the cell, and divides into two, 
and each of these ;^ain into two ; cell-formation takes place, walls 
being formed in two planes at right angles to each other, so that the 
ni the oospore is occupied by a grnnp of four cells lying 

Mie plane; these cells then divide by transverse walls, so that three 

hi r formed ; of these, each cell of the middle 

icellnlarBuspenEor ; those of the apper 




PART III. — THE CLASSIFICATION t 



tier dimply maintain the connexion of the soBpensors with the 
rest of the oospore ; tboBe of the lowest tier, whilst also contribu- 
ting to the enspensom, each give rise to an embryo from the cells 
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at the base of which one or more embryonal tubeg tire developed 
which grow backward along the snepensor, Picea exceUa departs 
from this type in that the saspensors remain coherent, bearing at 
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riB. MB.— Lmler auges in the ambrjogenj of the sporophytB of Picea eKslia (after 
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their end the cells of the lowest tier which develope into but a 
Hingle embryo, whereas in the typical Abietineae four embryos 
originate from each oospore. 

Among the Cupressineae, the first step is the formation of three 
cells one above the other at the lower end of the oospore : in 
Thuja occidentitlis only the two upper cells undergo longitudinal 
division, and, consequently (as in Picea excelsa) only a single 
embryo is developed from each oospore : in Juniperus, all three 
cells undergo longitudinal division, so that four embryos are here 
developed from each oospore. In this group the cells of the 
uppermost tier elongate to form the suspensors : those of the 
middle tier contribute to the length of the suspensors, and also 
give rise to short embryonal tubes which invest the suspensor for 
some distance, as also the base of the embryo: the cell or cells 
of the lowest tier give rise to the embryo (Thuja) or embryos 
(Juniperus). 

In the Taxese, as represented by Taxus and Cephalotaxus, the 
embryogeny closely resembles that of Thuja, though thete is not 
the same degree of constancy ; two or three tiers of cells, varying 
in number, are formed at the lower end of the oospore; of these, 
the uppermost tier (Taxus) or second tier (Cephalotaxus) grow out 
into the (usually six) suspensors ; those of the lower or lowest tier 
form the single embryo and the embryonal tubes. 

The embryogeny of the Gnetaceous genera Gnetum and Welwit- 
schia is peculiar : in Welwitschia the oospore, whilst still enclosed 
in the wall of the archegonium, undergoes a transverse division at 
its base, which cuts off a small flat cell as the embryo-cell ; the 
wall of the archegonium continues to grow, and forms the sus- 
pensor ; the embryo-cell gives rise to the single embryo and to a 
number of embryonal tubes which invest the lower portion of the 
suspensor : in Gnetum, so far as the embryogeny is known, it 
appears that an embryo- cell is formed at the end of the suspensor, 
as in Welwitschia, from which the embryo and the embryonal tubes 
are also developed ; the suspensor appears to branch, each branch 
bearing an embryo. 

The growing-point of the stem is developed at the anterior end 
of the embryo: two species of Coniferse {Cephalotaxus Fortunei, 
Araucaria hrasiliana) present the peculiarity that the growing- 
point is not quite terminal, but is covered by a small group of cells 
which are subsequently thrown off : in some cases (Cupressinece, 
Finus Strohus, apparently Taxus and Gnetum, and occasionally 
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Ephedra), there is a two-sided apical cell in the growing- point at 

its first development. 

The cotjledona vary in nnmbep : one, in Ceratozaraia, and some- 

times in other Cjcadacete ; two, in the Cycadaceee generally, in 
the Cupressineffi 
generally, in some 
Araucarias, in the 
TasoideFB, and in 
the Gnetaoese ; in 
the Cnpressinete 
sometimes 3-5 ; in 
the Taxodineai 4-9 ; 
in the Abietineee 
5-15. The cotyle- 
done are generally 
epigean ; they are 
hypogean in the Cy- 
cadacesB, as also in 
Arancaria (sect. 
Colymbea) and in 
Ginkgo I 
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Cycadaceee, and in 
Ginkgo, the two hy- 
pogean cotyledons 
are closely coherent 
at the apex, whereas 
in these Araucarias 
the cotyledons are 
free. 

The growing, 
point of the root is 
in all cases difFeren- 
tiated endogenoualy, 
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generation is repreBented by two indtTidnale, a male and a 
The Male Indieidual is a prothalliam developed from the 
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microspore as described on p. 448. It consists of two or more 
cells, one of which grows ont into a pollen- tube (see Fig. 290), 
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The male organ in a rndinientary aatheridin 
cells, the etalk-cell and the generative cell. 

The male cell iB derived from the generative cell of the an- 
theridinra which trapela into the pollen-tabe (see Fig. ,289) ; this 
cell undergoes division into two similar cells, near the apes of 
the poUen.tnbe, both oE which are, as a rale, fanctional male cells 
equivalent to apemiatozoids; in 
Taius, however, the two cells 
differ in size, and it is only the 
larger one that is a fanctional 
mate cell. The male cell is of 
somewhat spherical or oval 
form. When, as in Juuiperns, 
and other Cupressinese, several 
archegonia are fertilised by 
means of a single pollen-tube, 
repeated cell- division takes 
place in the pollen- tube. 

The Female Individual is a 
proth allium (sometimes called 
endosperm) developed within 
the macrospore. The germina- 
tion of the macrospore begins 
with the division of its nucleus ; 
nuclear division is repeated 
until a large number of nuclei 
are formed, lying in the parietal 
pi-otoplasm of the spore; free 
cell-formation then takes place, 
walls being formed between the 
cells so that the interior of the 
macrospore is lined by a layer 
of cells which grow and divide 
until the cavity of the macro- 
spore is entirely filled. It ia 
characteristic of Gym no sperm a 
that the development of the 

lower part or ooBptiere. ,. ,i. ■ , . ■, 

proth allium is uninterrupted, 
and that it is completed, except in Gnetum, before the female 
organs are developed and, consequently, before fertilisation can 
hare taken place. 
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The female prothallium is a mass of paronchjmatoiis tissne, 
which does not, as a rule, escape to any extent from the spore, 
and which, in consequence of the exclusion of light, is destitate 
of chlorophyll ; the only exception to this rule is offered by the 
Cycadacero where, if the female organ is not fertilised, the pro- 
thallium, resuming its growth, protrudes through the micropyle 
and turns green in the light. 

The female organ is an archegonium, and is developed from a 
single superficial cell of the female prothallium at its micropylar 
end. The mother-cell generally divides transversely into two; 
an upper, the iieck-cell ; a lower, the central cell : the neck-cell 
usually divides, by two vertical walla, into four cells, which form 
the neck ; the central cell grows, and divides transversely at its 
upper end so as to cut off a small cell, the canal-cell, which lies 
in the canal foi-med by the separation of the neck-cells, and a 
lai'ge cell which is i\\^ female cell or oosphere (Figs. 301, 302). 

The most strikiug deviations from the development of the archegODium, as 
described above, are tbe foUowiug : tbe mother- cell does not divide but becomes 
the central cell of a neckless archegonium, eitbcr with a oell-wall (Welwitschia) 
or without a cell-wall (Qnetum); tbe neck cell remains undivided {T&xiga cana- 
densis) ; the neck-cell divides only once, longitudinally, so that the neck con- 
sists of two cells {e.g. Cycadaceae, Ginkgo) ; by a third vertical division of the 
neck-cell, tbe neck comes to consist of eight cells, all in one plane (some 
Cupressineae) ; by one or more transverse divisions, tbe neck consists of twp 
or more tiers of cells (e.g. Pinus Pinaster with four cells in each tier ; Picea 
exceUa with eigtb cells in each tier). 

The number of archegonia developed on the female prothallium 
varies from a small number (3-5) in the Abietinese, to a large 
number (20-60) in Welwitschia and Gnetum. The archegonia 
are either scattered (Abietineee), or in a group (CupressinesB) : 
when scattered, the central cells are surrounded by a layer of 
small cells belonging to the prothallium ; when in a group, the 
central cells are in actual contact and have a common investment 
of small cells. 

In Welwitschia, the unicellular archegonia grow out into 
filaments, at the upper end, which make their way through the 
tissue of the nucellus toward the micropyle. 

The fetuale cell or oosphere is a relatively large nucleated cell, 
the protoplasm of which is so highly vacuolated that it presents a 
frothy appearance. 

Fertilisation. When the microspore has reached the i 
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the nncellns, it developes a pollen-tube which penetrates the tissue 
of the nucelhis, making its way to the archegonia which have 
been, or are being, developed on the prothallium inside the 
macrospore ; the pollen-tube at length reaches the macrospore, 
pierces its wall, and enters the neck of an archegonium (when 
scattered), or spreads out over the necks of a group of archegonia; 
a male cell is forced out through the tip of the pollen- tube into 
the oospbere, or into each of the oospheres of a group of arche- 
gonia so that one male organ fertilises several archegonia (Fig. 
302); the act of fertilisation is completed by the fusion of the 
male pronucleus with the female pronucleus, to constitute the 
nucleus of the oospore. 

In Welwitschia the process is somewhat different ; here fertilisa- 
tion takes place in the tissue of the nucellus, where the pollen-tubes 
meet and fuse with the filamentous outgrowths of the archegonia. 

The Results of Fertilisation, 

1. The fiuit. In all the Gymnosperms which have a cone-like 
macrosporangiate flower (CycadacesB, except Cycas ; Coniferse, 
except TaxeaB), one effect of fertilisation is to cause more or less 
considerable growth in the macrosporophylls, or in the placental 
scales, as also tissue-change resulting in their becoming woody 
(e,g, Pinus, Abies, etc.) or fleshy {e,g, Juniperus), the product 
being the fruit. 

The fruit-cone, in most cases, sets free the seed by the separa- 
tion of the macrosporophylls, or of the placental scales, which fall 
off from the axis of the cone, leaving it bare (most Cycadacece, 
Araucaria, Abies, Agathis, Cedrus) ; or they merely separate enough 
to let the seeds fall out, and then the cones either remain on 
the tree (e.g, Larix), or, as is more commonly the case, drop 
off entire. However, where the fruit is a berry-like cone {e.g, 
Juniperus), the macrosporophylls do not separate, and the disper- 
sion of the seed depends on the fruit being eaten by animals. ^ 

In other cases the effects of fertilisation extend to the bracts 
(Ephedi-a) or to the perianth (Gnetum), causing them to grow and 
become succulent. 

2. The seed is albuminous in all Gymnosperms, the single 
straight embryo being imbedded in the endosperm (see Fig. 300 /) 
in all cases, also, some portion of the nucellar tissue persists as 
perisperm, amounting, in the CycadaceoB and Coniferse, to little 
more than a membranous layer, but in the GnetacesB (at least 
in Ephedra and Welwitschia) it is more considerable. 

V. B. B. II 
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The development of the seed-coats varies widely. In the 
C'jcadacere the testa consists of two layers, an outer fleshy and 
succulent, and an inner hard and woody, so that the seed bears a 
superficial resemblance to a fruit such as a plum : in those Coni- 
fene in which the seeds are produced in a cone-fruit, the testa is 
hard and tough ; but in those in which the seed is exposed from 
the first, the testa is either fleshy (e.g. Ginkgo, Cephalotaxus), 
being developed after the manner of that in the CycadacesB, or it 
is hard, and is invested by a succulent aril {e.g. Taxus, Podo- 
carpus). In those Coniferoe with woody cones (e.g. Abietineae, 
Arancarineflp, most Cupressineae) the seed is usually winged, either 
by means of a membi'anous outgrowth of the testa, or(AbietineiB) 
by the adhesion to the seed of a thin strip of tissue, split ofP from 
the surface of the placental scale. Among the GnetacesB, the 
testa is hard and woody in Ephedra and Gnetum ; in Welwitscbia 
the seed is enclosed by the expanded perianth, which acts as a 
wing. 

Classification of the Oymnospermoe. 

The class contains the following three orders: — 

1. CYCADACKiE: the trunk is generally un branched : the leaves 
ai-e large and branched : no vessels in the secondary wood. 

2. Conifers: trunk much branched: leaves many, small, and 
unbranched : no vessels in the secondary wood, 

3. Gnetace^: habit various: flowers have a rudimentary 
perianth : there are vessels in the secondary wood. 

Order 1. Cycadaceae. The CycadacesB are plants which, in many respects, 
show affinity with the Ferns, while, on the other Land, they resemble the 
Palms in external appearance. The stem is tubercular or cylindrical. The 
vegetative leaves are of two kinds ; scaly leaves, brown and dry, closely 
covering the surface of the stem ; foliage-leaves, pinnate, of a leathery consis- 
tency, produced annually or at a longer interval, forming a crown at the top 
of the stem ; the foliage-leaves are generally developed expanded, but in Gycas 
the pinnae are circinate in vernation, as is also the phyllopodium in Stangeria 
and Zamia. 

The dioecious flowers are produced, either singly or several together, at the 
apex of the stem ; they are cones (except Gycas). The development of the 
cones does not arrest the growth in length of the stem : hence the stem may 
be regarded as a sympodium, its growing-point being maintained by either 
dichotomous or lateral branching (pp. 33, 35). The macrosporophylls of Gycas 
do not constitute a true flower, since they are not borne, as in the other genera, 
on a special axis, but simply take the place of a whorl of foliage-leaves. The 
cones consist of an elongated axis, bearing numerous spirally-arranged scaly 
sporophylls, which vary in number from 30 to 600. The microsporophylls bear. 
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on the under surface, usnally numerous (3 to 1000) miocosporangiii, either 
scattered ot ia sori {Cjoas, Stangeria, Zamia). The macroeporophylla bear 
two ortliotropouB macrosporangia, one on each flank, developed upon the peltate 
terminal lamina ; but the eiceptional macrosporophylla of Cycas (see Fig. 303) 
ma; bear aa many aa fire maoro sporangia. 

Tlte macrosporangia are all seasile. and have a single integament, and are of 
considerahU size ; those of Cyoas are as large as a plum before fertilisation. 

In the caniferQus genera, the macrosporaugiate flower becomes the fruit; 
that ia, a dry cone, the sporophylls of which fall away, and bo set free the 
seeds. In Cycas, the sporophylla bend outwards and drop oQ, bearing the 
aeeds. The seed is covered hy a teata, developed from the integument of the 
ovule, which is succulent externally and stony internally. It contains a single 
fltraight embryo, on a coiled anspenaor, lying in the endosperm. The embryo, 
haa generally two cotyledons (oae in Geratozamia, and occasionally in other 
genera also), vrhich are hypogean, 
remaining in the seed. 

The Oyoadaceffi, of which there 
are nine genera, and about seventy- 
five apecies, are all tropical or sub- 
tropical. Cycaa is a native of the 
East Indies and Anstralia; Macro- 
zamia and 6aw«nia, of Australia ; 
EncephalartoB and Stangeria. ot 
Airiaa ; Zamia. Geratozamia, Dio- 
on, and Slicrocycaa, of tropical 
America. 

Cycas ia clearly distinguished 
from the other genera by ita pe- 
culiar 'macrospoiophylls, involving 
the absence of a macrosporangiate 
flower; Bowenia ia characterised 
by its bi-pinnate leaves ; Stangeria 
by the pinoBte venation of ita 
leaves ; the other genera, by the 
form of their sporophylls. 

Order 2. Conjferae. This 
order includes the PineB, Firs, 
Cypresses, Yews, etc., which, for 
'the most part, are eitra-tropical, 
inhabiting more especially the (|,j^ 
northern hemispheie. 

The conspicuous features of their morphobgy are the regular monopodia 
branching of the stem, the small (often acicular) simple leaves, and the tap- 
root. Id their histology, these pltnts resemble the Dicotyledons in that the 
ptem grows in thickness by a normal cambium-ring ; but the vascular tissue of 
the wood consists entirely ol tracheides with bordered pits. The presence ot 
resin-ducts is another charaoteriatic feature. 

The flowars are alwaTS monosporanglate ; some genera are dicecions. The 




Fro. 30J.— Sporophylls ot Cycadg. A maoro- 
iporophyll of Cyaa revoWta (1 nal. else) : / 
linQiB ; ( Dvutes. £ Macrosporophylt at Ziniiri 
nuricota, with Cwoovnles (i) ; C micn»poroph jU 
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miciospontngiate flower is a cone, conaiating at an elongated aiis bearing 
mioroaporopbjllB (Fig. 304), which aie generally eomenhat peltate in form. 
Each microsporophjll beara t«o or more microspoiaogia on its under (doreal) 
surface. The nucroBpotangiate Bower is alao a cone in certain cases {Pinoidere, 
Fig. 305), in which case the macro sporoph;] 1b bear the maciosporangia ; in 
other eases there is a less perfect cone, or none at all (Taioideai, see Fig. 308j, 
the macroBporophjlls are either rndimentarj or absent, and the macroBporangia 
are genemlly borne on the Siis 

In some genera {e.g. Pmns Jampems) the seed takes two jearB to ripen ; in 
the first jear, pollination takes place and the pollen-tube begins to grow 
.through the tissue of the nucelluB in the second jear, after a period of rest. 




Fio. SOI.— Pinuj monlttttn (Pumilio). A tongitnainal McUonol 
(xtO). £ LongitDdinal »ecbon ota. Diicrosporoptayll, ehoningtbe cayily ofoiM pallBn-aao 
(n 20). CTtanBTarae section of a microaporophjll, showing the csvitiBBOt both pollen- 
aasB. D Germinnting two-celled micrnapors o( Pinui nlmlri", BhoitinB tho upansiona ol 
tbeexine(x MO). (After Stissbarger.) 

the pollen-tnbe completes its growth, reaches the archegonium, and terliliEes 
the oosphere ; as a conseqaeuce, the embryo is developed, and the OTule is 
changed into a seed. 

In spite of the fact that so many of the ConUeree are polyembryonic (see 
p. 471), anil that each ovule contains several archegonia, the ripe s«ed contains 
only a single embryo, though occasionally two are found {e.g. Qinkgo). The 
embryo haa two, or more, cotyledons, which are epigesn, except in Araucana, 
sect. Colymbea, and in Ginkgo, where they are hypogean. 

The order, which includes 34 genera and about 350 species, ma; be uator- 
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all}' divided into the two sab-orderB, Finoideie and Tazoidee, bRsed npon tlie 
Btractnce of tbe macrosporangiate flower ; each of these sub-orders incladea 
eeieral familiea. 

Sab'Order I. Pi}ioide.s. The macrosporangiate flowers are coDe> ; the seed 
has a wood; or leathery teata. U enclosed between the macrosporophylls or 
the placental scales, and has no aril. 

Fain. 1. Araucarinra : usually dite- 
cioua; macTOBporophyil simple, bearing 
a aiugle macrosporangium. The micio- 
sporophyll Ijeara 5 to 15 free microspor- 
angia ; mioroBpores without eipansions 
of the exine ; all leaves arranged 
spirally ; cotyledons 2-4. 

This family includes the two genera. 
Agflthis (Dammara) and Araacaria. 
Agathia inhabits the Malayan islands, 
parts of Australia, New Zealand, Fiji 
Islanda; J. avitralie is tbe Eanri 
Uum-tree : Araucaria inhabits South 
America {A. branliana, Brazil; A. im- 
bricata. Chili), and Australasia (J, 
exeelta, Norfolk Island). 

Fam. 2. Abielinix:lnaiuEB\oixa\ on 
its upper surface at the base, the macro- 
sporopbjU bears a large placental scale 
on the upper surface of which two in- 
verted macrosporangia are borne. Tbe 
ripe seed has two wings derived from 
tissue of tbe placental scale ; the raicro- 
sporophjll bears two microsporangia ; 
microspores usually have expansions of 
theeiine; all leaves arranged spirally; 
cotyledons, more than 3, commonly S, 
sometimes as many as 15. 

The most important genera may be 
distinguished as follows: — 

A. No dwarf -shoots ; placental scales 
fiat; seed ripens iu one year; stem 
bears whorled branches. 










1. Fruit- 



., falliu 



B Mature en 






I. C Hipe placenu 
awingtCn. '(Af« 



inlari;ed pl&cenCal 



pieoeg when ripe; foliage-leaves *" 

flat, cjlindrical at tbe baae, and not ^T, 

decurrent ; placental scales about 

tbe same length as the macrosporophylls Abiti. 

2. Fruit-cones pendent, falling off entire ; foliage- leaves with 
decurreut projecting base. 

(a) Leaves 4-angular; placental scales much longer than tbe 
macrosporophylls Picea. 
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(b) Leaves flat ; placental scales longer or shorter than the 

macrosporophjUs Tsuga 

B, Long and dwarf-shoots. 

1. Placental scales flat ; foliage-leaves borne on both long and 
dwarf-shoots ; branching of the stem irregular. 

(a) Leaves annually decidaous ; seed ripens in one year . Larix, 

(b) Leaves persistent ; seed ripens in two years . . . Cedrus. 

2. Placental scales thickened externally into an apophysis : 
foliage-leaves confined to the dwarf-shoots : branches whorled . Pinus. 

1. Abies ^ the Silver Firs. The foliage-leaves are flat, marked on the under 
surface with two longitudinal white streaks, and show in section two lateral 
resin -ducts : the macrosporangiate cone is developed in the axil of a leaf borne 
on a shoot of the previous year, at some distance from its apex, and when ripe 
falls to pieces so that the naked axis remains. To this genus belong A, pectinata 
{A. alba) J the Silver Fir, the emarginate leaves of which stand out in a comb-like 
manner from the branches ; A. Nordmanuianat from the Caucasus; A, baltamea^ 
which produces Canada- balsam ; A. cephalonica, which grows in Greece, and A, 
Pinsapo, which grows in Spain, both having pointed leaves which, in the latter 
species, are borne on all sides of the branches. 

2. Piceat the Spruce Firs. The foliage-leaves are quadrangular, and have 
two lateral resin-ducts : the macrosporangiate cone is borne terminally on a 
shoot of the previous year, becomes pendent after fertilisation, thus enabling 
tbe seeds to drop out, and then falls off entire. To this genus belong P. excelsa, 
the Norway Spruce, the leaves of which are compressed laterally; in some 
species, however, the leaves are compressed vertically [e.g. P. omorica, in Servia, 
and P. ajanenaUy in Eastern Asia), and are streaked with white on the upper 
surface. P. alba and nigra are the White and Black Spruces of North 
America. 

3. Tauga, the Hemlock Firs. The fiat foliage-leaves are somewhat chan- 
nelled above, with a midrib projecting on the under surface. Li other respects 
this genus, more especially the Section Eutsuga, generally resembles Picea. In 
the Section Eutsuga (e.g. Tt. canadensis) the placental scales are much longer 
than the macrosporophylls ; whereas in the section Pseudotsuga {e.g. Ts. Doug- 
lasii) the macrosporophylls are as long as, or longer than, the placental scales : 
in Eutsuga there is a single median resin-duct in the projecting midrib of the 
leaf. 

4. Larix, the Larches. The deciduous leaves are arranged spirally on long 
shoots, and also in clusters on dwarf-shoots developed in the axils of the leaves 
of the long shoots of the previous year : the microsporangiate cones are borne 
terminally on leafless dwarf-shoots, the macrosporangiate cones terminally on 
leafy dwarf-shoots. L. europaa is the common Larch, a native of the Alps and 
Carpathians. The sub-genus Pseudolarix, including the single species Ps. 
Kaempferi (otherwise Larix Kaempferi), the Golden Larch, differs from the true 
Larches mainly in that its macrosporangiate cones fall to pieces when ripe : it 
is a native of China. 

5. Cedrm, the Cedars. This genus differs from Larix in that the leaves, 
which are arranged in the same way, persist for more than one year, and in 

,that the seed takes two years to ripen. The genus includes three species : 
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C. Libani, in Asia Minor ; C. atlanticat in the Atlas mountains of North Africa : 
C, Deodar a J in the Himalayas. 

7. PinuSf the Pines. The thick placental scales are expanded at their free 
end into a flattened rhombic surface, the apophysis : the seed takes two years to 
ripen : the foliage-leaves persist for several years and are confined to dwarf- 
shoots which bear cataphyllary leaves at their bases, and are borne in the axils 
of the cataphyllary leaves of the long shoots of the same year : the primary 
branches are arranged in false whorls near the apex of the shoot of any one 
year, and the branches of a higher order are developed in the same manner : 
the miorosporangiate cones take the place of dwarf-shoots at the base of a long 
shoot of the same year, and are closely packed : the macrosporangiate cones 
also occupy the place of dwarf-shoots near the apex of long shoots of the same 
year. 

In the section Pinaster, the apophysis has a rhombic free surface with a 
central projection (umbo) : it includes three sub-genera : — Pinea, characterised 
by the fact that each dwarf -shoot bears two leaves, with about twenty species, 
including Pinus nylvestris, the Scots Pine ; P. LariciOy the Black Pines ; P. 
Pinaster y the Cluster Pine of South Europe; P. montana, the Mountain Pines of 
Europe ; P. Pinea, the Stone Pine of the South of Europe, the seeds of which 
ate large and edible : — Tasda, where each dwarf-shoot bears three loaves, with 
about sixteen species, including Pinits Tada, the Frankincense tree of North 
America: — Pseudostrobus, where each dwarf-shoot usually bears five leaves, 
with about ten North American species. 

In the section Strobus, the dwarf-shoots usually bear five leaves, and the 
apophysis runs out into a projection (umbo) at its upper edge : it includes two 
sub-genera: — Eustrobus, with pendulous fruit-cones and winged seeds, in- 
cluding Pinrn Strobus, the Weymouth Pine ; P. exceUa, the Himalayan Pine ; 
P. Lambertiana, the Sugar Pine, and P. monticola, both of California and 
Oregon : — Oembra, with erect or divergent cones and seeds without wings, in- 
cluding Pinus Cemhra, the Stone Pine of Switzerland and Siberia; P.Jlexilis, of 
North America ; and P. parvijiora, of Japan. 

Fam. 3. Taxodinea : monoecious : the macrosporophyll is clearly differen- 
tiated into an outer and an inner (placental) half ; the latter forms an out- 
growth across the upper surface of the macrosporophyll, which may even reach 
the surface of the cone : seeds 2-9, either axillary and erect, or borne on the 
surface of the macrosporophyll and inverted, generally without a wing : micro- 
sporophylls bear 2-8 microsporangia : microspores with expansions of the exine : 
leaves arranged spirally. 

Sciadopitys (S. verticillata), the Umbrella Pine of Japan, is the only member 
of the family which has long and dwarf-shoots, the latter being a single pair of 
confluent linear leaves ; the placental outgrowth projects beyond the apex of 
the macrosporophyll, and bears a transverse row of about seven seeds at its 
base. — In Cunninghamia, the placental outgrowth is narrow and membranous. 
— In Athrotaxis, the Tasmanian Cypress, the placental outgrowth is a thick 
ridge. — Sequoia includes the two species of large Californian trees, S. sempervirens, 
the Californian Bed- wood, and S. {Welling t07iia) gigantea, celebrated for the 
great height to which they grow (over 300 feet), with a circumference of 50-60 
feet at the base ; the placental outgrowth is a slight transverse ridge. In the 
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preceding genera, the seeds are all borne on the placental region of the macro- 
aporophfll and are inverted ; in the following genera the aeeda are aiillaij and 
erect. Crjptomeria has an erect fringed placental outgrowth. — Taiodium,iB 
the desiduoDS Cypress of North America; its leaf -bearing twiga axe tbrown off 
each jear {T. diitie'ivm), or persiBt for two jears (r. tiuxicaniim) : the placental 
ontgrowth overgrows the maeroapOTOphjIl as the cone ripens. — Glyptostrobne 
is the Chinese Water Pine ; it differs from Taiodiam onlj' in that the seed has 
a wing. 

Fam. 4. Capraiiiua: moncecions, aometimeB diwctoaa: macroBporophfUs 
with a projecting placental outgrowth: seede ftiUiaij, erect, often winged: 
microspores withont eipanBiong oi the eiine : leaves alwajs arranged in nhorle. 

In the sub-family Actinoilrobina, including the genera Actinostrobus, Calli- 
tria, and Fitzro;a,tLe ripe cone is woody ajid the aoDstJluent macrosporophjlls 
■re arranged in a vaWate manner. 

In the snbfaraily rftiyopMcIincr, including the genera Thnjopsia and Thnja 



(incl. LibocedruB and Biota) the ripe c 



wood; and thi 
Bporophylls are arranged 




an imbricate 

Thuja occidattalii, the Americao Arbor 
y'ltte, and Thuja tfiiotaj oTt^nlalu, the 
Chinese Arbor Tilai. 

Ill the Bob-famil; CupTritinie, inclad- 
ing the genera Ciipressus and Chamnc;- 
paris, the ripe cone is woody and con- 
sUtB of 2-6 pairs of peltate macro"por0- 
phjlla coherent by their margins in a 
Talvate manner. The genus Cupressns, 
the CypresB, has aeverai seeds on each 
macrosporophjU : in ChamieoypariB each 
macrosporophyll bears only two seeds. 

The subfamily J:iniperina, inolnding 
the single genos Jnniperns, is distin- 
guished from the preceding sub-families 
in that the flowers are, as a mle, dite- 
i the ripe cone is somewhat fleshy, 
resembliog a berry or a drape ; it usually 
consists of one whorl of mac rosporophy 11b 
each bearing one or two wingless seeds. 
The iection Caryocedrus (AroentLoe), containing the single species Jumperui 
dTopacea, has a cone conaisting of 3 or 4 whorls of macioeporoplijlls ; whereas 
in the section Oiycedrus (including Juniperiit cammviiu, the Juniper ■ J Oxu 
«dnw, J. macrocrpa. and other species).' the cone consists of 1-2 whorls'- and 
in the section Sabina (including J. Sabina, J. vii-ffiBiana, etc.), it consiala of 2-3 
nhorls ; the innermost or uppermost wLorl alone is fertile as a rule in Oarvo 
cedrusand in O.ycedrus, bnt is sterile in Sabins : in Carvocedrus the (2-3) seeds 
^ coherent, in the other two sections they are free: in Sabina the flowers 
are generally mon^^.ons ; ,n Sab.na also the leaves (including .po.„phylls) ar^ 
anally io ^hoti^ <>' 2, "tUst m the other two secUoos they are iu whorls of 3 



leroph jlly , 



■osporophjIlH 



lOroplij-llB 
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conea ; the seed naaall; projects be;ond the 
and has a sucoalent testa or an Riillas : 
tloirerH generally dioecions. 

Fam. 1. Podocarpea : the macroBporaDgJale 
flower consists of several macrosporophylls 
each bearing a aingle macrosporangium : the 
ripe seed is invested by an arilloB : the micro- 
aporophylla each bear two microsporangia : 
the microBpores have eipaneions oE the 

This family inclades the genera Saxegothea, 
Microoachrys, Podocarpus, and Dacrydium. 
Saiegothea resemble a the Cnpreasinete n 
that the macrosporophylls endose the seeds : 
this genus is montBcioua. On the other haod 
Dacrydinm resembles the Taxeie in that the 
maorosporophylls are very gimilar to the 
foliage- leaves, and in that the iDacro^por- 
angia are sometimes borne in the axils of 
the macrosporophylls, and are then erect, 
whereas in all other caaei they are inverted. 

Fam. 2. Taxes : the macrosporophylls 
are asnally mdimentary or absent, and the 
maorosparangia are borne on the axis : the 
seed has an arillus in some forms, while in 
others it has a auccntent testa : microspore- "■i""- 
phylls with 2-9 microsporangia : microspores withont expansions of the exine. 

Phyllooladns, remarkable for its rudimentary leaves and for the development 
of its dwarf- shoots into phyllocladea, has thiak persistent macrosporophylls; 
in the axil of each there is a single erect macrosporangium with an arillus : 
flowers sometimes mooiEcioiia. 
Oinkgo hiloha (Saluburit adianti- 
folia), the Maiden-Hair Tree, is 
characterised by its fan-ihaped de- 
ciduous leaves with furcate vena- 

n : the macrosporophylls are 
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are borne in an opposite pair at the 
end of a short stalk ; no arillus, 
bat the lesta ol the seed becomes 
Euccalent. Cephalotaxns (the 
GhineBG Yew] and the genera Taius 
(the Tew) and Torreya (the Fetid 
Yew of North America) have only 
long ahoots : the macrosporanginte 
flowerB and the ripe seeds of Ce- 
phalotaxus resemble those of Gink- 
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go : in Torreja and Tazus (Fig. 308) there are no macrosporophylls, the macro- 
sporangia being borne singly at the end of short lateral shoots, and the seed 
has a fleshy arillas. Taxus has no resin-ducts in its tissaes : its microsporo- 
phyll is peltate, bearing 5-9 microsporangia on its under surface. 

Order 3. Gnetaceae. This order includes but three genera, Ephedra, 
Gnetum, and Welwitschia. Though they differ widely from each other in 
many respects, they agree in that they have opposite leaves ; flowers which are 
not cones and which have a rudimentary perianth, but have no macrosporophylls 
as the macrosporangia are borne on the axis ; an albuminous erect seed ; 
a dicotyledonous embrjo ; and secondary wood which contains true vessels. 
They are generally dioecious. 

The flowers are arranged in single or compound spicate inflorescences, arising 
either singly (Welwitschia) or in clusters from the axils of pairs of opposite and 
decussate bracts. The bracts are highly developed and closely packed in Wel- 
witschia, so that the whole inflorescence has a somewhat cone- like appearance. 

The perianth, in all cases uncoloured, consists of a single pair of coherent 
perianth- leaves, except in the microsporangiate flowers of Welwitschia, where 
there are two decussate pairs of free perianth-leaves. 

The microsporangiate flower, in addition to the perianth, consists : in 
Ephedra, of a short projecting axis bearing 2-8 microsporophylls represented 
by sessile or shortly- stalked anthers each bearing two microsporangia ; in Gnetum, 
of a short projecting axis directly bearing one or two microsporangia ; in Welwit- 
schia, of six monadelphous microsporophylls with well-developed filaments each 
bearing a terminal anther with three microsporangia, surrounding a rudimentary 
macrosporangium, with a projecting integument, in the centre of the flower. 

The macrosporangiate flower, in addition to the perianth, consists: in all 
three genera of a terminal macrosporangium, borne on the axis ; it is invested 
either by a single integument, as in Ephedra and Welwitschia, which is pro- 
duced into a long projecting micropyle ; or by two integuments (Gnetum) the 
inner of which forms a long projecting micropyle. 

The fruit is formed : in Ephedra, by the succulent development of some of 
the bracts of the inflorescence which assume a red colour and enclose the fruit- 
lets formed from the several flowers by the ligniflcation of the perianth round 
the seed ; in Gnetum, by the succulent development of the perianth and the 
lignification of the outer integumeut, in each separate flower; in Welwitschia, 
by the further development of the bracts, which assume a bright scarlet colour, 
aod by the growth of the perianth around the seed so as to form a wing-like 
expansion, the winged seeds being set free by the falling to pieces of the cone- 
like inflorescence from below upwards. 

Ephedra is a genus of shrubby plants, with rudimentary leaves, somewhat 
resembling an Equisetum. It is especially remarkable on account of its 
peculiar embryogeny (see p. 471). Habitat, warmer temperate zone. 

Gnetum is a genus of shrubs or trees, for the most part climbers, but some 
erect-growing (Gweiam Gnevion): with its broad well- developed foliage-leaves, 
with pinnate venation, it resembles the Dicotyledons in habit. Habitat, the 
tropics. 

Welwitschia includes the single species W. mirabilis : it is remarkable for its 
short thick stem, prolonged below into a tap-root, with a broad flat somewhat 
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circular bilobed upper surface, a single long persistent foliage-leaf being borne 
at the margin of each lobe : the inflorescences are borne in dichotomous cymes, 
usually in the axil of each of the two leaves. Habitat, Damaraland, Western 
South Africa. 



DIVISION B. 
CLASS II.— ANGIOSPERM^. 

The plants of this class are to a large extent herbaceous annuals, 
biennials, or perennials ; but it also includes a great number of 
shrubs and trees. 

The Sporophtte. 

The General Morphology of the Vegetative. Organs is so varied that 
it cannot be dealt with in a general way. The reader is referred 
to the treatment of the subject in Book I., and to the descriptions 
given in the systematic account of the class. 

The General Morphology of the Reproductive Organs, The repro- 
ductive organs are pollen-sacs ( micros porangia) and ovules (macro- 
sporangia), borne generally on sporophylls, but sometimes directly 
on the floral axis {e.g, microsporangia of Naias, Casuarina, etc. ; 
raacrosporangia of Polygonum, Primulacese, etc.) : they are de- 
veloped in special shoots differentiated as flowers, and the flowers 
are arranged in a more or less complex branch-system, the in- 
florescence. 

The Inflorescence (see p. 76). It is only in comparatively few 
cases that the primary axis of the plant terminates in a flower ; 
such plants are said to uniaxial : it is usually not until the secon- 
dary or tertiary branches, or even those of a higher order, are 
developed, that a flower is formed. Such plants are said to be 
hi', tri; or poly -axial. 

The floral axis of the Angiosperms frequently forms an elaborate 
branch-system which is usually sharply defined, as a sporophore, 
from the vegetative shoots, and which bears leaves which are 
either sporophylls or hypsophylls (p. 59). 

In the inflorescence, as usually in all parts of the shoot of 
Angiosperms, the branching is almost always monopodial and 
axillary. Some apparent exceptions may be easily reduced to this 
type: thus, in the racemes of most of the Cruciferse the bracts at 
the bases of the individual lateral branches are abortive, and the 
same occurs in many of the Compositse. In the Solanaceae and 
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Boraginacese the bract often undergoes displacement, so that it 
appears to be inserted laterally npon the axillary branch ; on the 
other hand, it sometimes happens that the axillary branch is 
adherent to the main shoot for some distance. 

The flowers of an inflorescence are either sessile or stalked, the 
stalk being termed a pedicel. 

In accordance with thje principles of branching laid down on 
p. 33, the different forms of inflorescences may be classified as 
follows : — 

A. Racemose Inflorescences consist of a main axis (rhachis, peduncle), 
bearing a number of lateral branches developed in acropetal (or centripetal) 
succession, constituting a monopodial branch- system. The lateral branches do 
not usually grow longer than that portion of the main axis which lies above 
their points of origin. If the lateral shoots of the first order terminate in a 
flower without again branching, the inflorescence is said to be simple ; but if 
they branch, it is compound. 

These inflorescences are also termed indefinite, not because the apical growth 
of the maia axis or of its branches is unlimited, but because, owing to the 
acropetal succession in the development of the flowers, the growth of branches 
of a high order is arrested, by the development of a terminal flower, earlier than 
that of branches of a lower order : for instance, the growth of the secondary 
branches is arrested before that of the main axis, that of the tertiary branches 
before that of the secondary branches, and so so. 

I. Simple racemose inflorescences : 

(a) With an elongated main axis : the lateral shoots spring from the axis at 
some distance from each other. The three following forms may be distin- 
guished : 

(1) The spike, in which the lateral branches are flowers which are sessile on 
the main axis, or have very short pedicels (Fig. 309 A) ; e.g. the inflorescence 
of the Plantain (Plantago). The small spikes of the Glumales are termed 
spikeleis. 

(2) The spad'x, which differs from the spike only in having a thick and fleshy 
axis ; a large bract forming a sheath, called a spathe, commonly grows at the 
base of the inflorescence and envelopes it more or less; e.g. Arum and 
Bichardia. 

(3) The raceme, in which the lateral branches are flowers with pedicels of 
nearly equal length, e.g. the CruciferaB, as the Badish, Cabbage, etc. ; in these 
the bracts of the individual flowers are not developed ; also Berberis and others. 

(/3) With a short mxiin axis ; the lateral branches are set closely together on 
the short or flattened main axis. 

(4) The capitulum (head) in which the short main axis is conical or disc- 
shaped or even hollowed out, and is closely covered with lateral branches in 
the form of sessile flowers (Fig. 309 D), e.g. the Compositae, as Dandelion, 
Sunflower; also the Scabious. The bracts (paleae) of the individual flowers 
(Fig. 309 D p) are sometimes wanting ; but the whole head is surrounded at the 
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base by a number of bracts forming an involucre (Fig. 309 D i) which gives the 
inflorescence the appearance of being one single flower. 

(5) The umbel, composed of a number of lateral branches, in the form of 
pedicillate flowers, springing together from a very short axis which commonly 
terminates in a flower (Fig. 309 G d) ; e.g: the Umbelliferse and the Ivy. The 
bracts of the separate pedicels forming the rays are usually present in diminished 
number ; they form an involucre. 

II. Compound racemose injlorescences are formed when the lateral shoots 
which bear flowers, as described above, are again branched, or, in other words, 
when inflorescences of the types above enumerated are united to form a larger 
inflorescence ; for instance, when several capitula are arranged on the main 
axis in the same way as the flowers of a raceme. The same terms are applied 
to the first ramification of the compound inflorescence as to the simple ones 
described above ; the above-mentioned example, for instance, is a raceme of 
capitula, and is termed a capitulate raceme. Compound inflorescences may be 
classified as follows : 

(a) Homogeneously compound; in these the branches of the first and second 
(or higher) orders 
are of the same 
character. 

(6) The covi- 
pound spike ; in 
this form many 
simple spikes are 
arranged on the 
main axis of the 
inflorescence in 
the same way as 
the flowers in a 
simple spike, or, 
in other words, 
the main axis of 
the spike bears 
secondary spikes 
instead of single 
flowers, e.g. the inflorescence of Wheat, Rye, etc. 

(7) The compound raceme ; in this case smaller racemes grow on the main 
axis of the raceme ; the ramification is in many cases still further repeated in 
such a way that it is more complex at the base of the primary raceme than 
towards the apex, e.g. the Grape-vine (Fig. 309 B). 

(8) The compound umbel (Fig. 309 C). This is far more common than a 
simple umbel, and is in fact usually called an umbel; the separate simple 
umbels (Fig. 309 C d) are then called umbellules, and their respective involucres 
are invnlucels. 

(/3) Heterogeneously compound inflorescences; in these the branches of the 
different orders are dissimilar. In consequence of this so many complicated 
forms arise that it is impossible to enumerate and name all the combinations. 
As examples, the following will only be mentioned : the capitulate raceme, 
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Fig. 309.— Diagrams of the varieties of racemose inflorescences. 
A Spike. B Compound raceme. C Compound umbel; d rays 
of the umbel; i involucre; dx secondary rays of the umbellules; 
ii involucel. D A capitulum ; i involucre ; h flower ; p bracts. 
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which consists of a namber of capitala arranged in a raceme ; it occurs in many 
of the Composite, e.g. Petasites : the spicate capitulunif which consists of 
several spikes forming a capitulam, as in the ScirpoidesB : the spicate raceme^ 
which occurs in many Grasses, in which the last branches of a compound 
raceme are spikes. 

B. Cymose Injiorescenees : the main axis produces one, two, or more lateral 
branches — rarely several— at the same level below its apex, which grow more 
vigorously than the main axis, and repeat the same type of branching. 

These inflorescences are also termed definite because the growth of each axis 
is arrested, by the development of a terminal flower, before that of the lateral 
branch or branches which it bears. The simplest kind of definite inflorescence 
is that in which the axis (peduncle) does not branch, but bears a single terminal 
flower. 

Cymose inflorescences are also termed centrifugal^ because the development 
and expansion of the flowers begins with the primary axis, and occurs succes- 
sively in the axes of the second, third, and higher orders. 

I. In the simple cyme the ramification in the secondary and higher orders 
follows the same type. 

(a) Without a pscud-axis (see page 35). 

The cyme : beneath the terminal flower spring several — three or more — 
lateral shoots of equal vigour, e.g. many EuphorbiaB. This inflorescence greatly 
resembles the true umbel, and in fact cannot be distinguished from a true 
umbel which has a terminal flower. The identification of an inflorescence as 
belonging to the cymose type depends in many cases on the fact that in the 
higher orders of branching the cymes are reduced to dichasia. 

The dichasitim (Figs. 19 C and 20) consists of only two equal lateral shoots 
arising at the same level below the terminal flower, and branching in a similar 
manner. The successive false dichotomies commonly decussate, e.g. Valerian- 
ella and the weaker inflorescences of many EuphorbiaB. 

(/3) With a pseud-axis. 

The scorpioid cym£ (cincinnus and rhipidinm) : in this the lateral branches 
occur alternately on opposite sides (Fig. 19 A and B) : Boraginacese, Crassu- 
laoesB, Iridacese, Commelynacese, etc. 

The helicoid cyme (bostryx and drepanium) : the lateral branches of the 
successive ramifications always occur on the same side (Fig. 19 D) : this is 
frequently found in Monocotyledons, such as Hemerocallis, Ornithogalum, 
Alstroemeria, Jancaceee. 

It has been ascertained, however, that in many cases (various Solanacese and 
Boraginacese) the so-called scorpioid cymes are monopodial ; the axis is there- 
fore not a pseud-axis but a true one, and the inflorescence must be regarded as 
a unilateral raceme. 

II. Compound cymose infiorescences arise on the one hand from the reduction 
of the ramification in the higher orders, as, for instance, when the secondary 
members of a cyme are not cymes, but dichasia : these are dichasial cymes ; 
they occur in many EuphorbiaB : again, when dichasia terminate in scorpioid or 
helicoid cjmes. On the other hand it sometimes occurs that helicoid cymes 
are combined to form scorpioid cymes, as in Geranium. 

C. Compound racemose and cymose infiorescences. It may occur that a com- 
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ponnd inflorescence changes in type in the different orders of ramification. 
Thus the branches of the first order may exhibit a racemose arrangement, and 
those of the second a cymose arrangement, as in the dichasial racemes of many 
Euphorbias (e.g. E. Esula^ amygdaloides)^ in the scorpioid racemes of the Horse- 
chestnut, and in the helicoid capitula of many species of Allium. On the other 
hand the branches of the first order may have a cymose, and those of the 
second a racemose arrangement ; for instance, the helicoid cymes of capitula in 
Cichorium. 

Finally, there are certain terms used in describiug inflorescences which refer 
only to the general external appearance rather than to the mode of formation of 
the inflorescence : thus, the panicle is a pyramidal inflorescence generally of the 
racemose type, at least in its first ramification : the corymb is a racemose in- 
florescence of which all tlje ultimate ramifications lie in one plane and bear 
flowers, e.g, the Elder, many CrucifersB : the amentum (catkin) is a simple or 
compound spicate inflorescence, usually pendulous and elongated, bearing in- 
conspicuous monosporangiate flowers, which falls off entire from the plant when 
the flowering is over. Of cymose inflorescences there is the fascicle , consisting 
of a number of flowers on pedicels of equal length (Sweet William) ; the glome- 
rule (Nettle and Box) or verticillaster (many Labiatse), consisting of a few sessile 
or shortly pedicillate flowers; and the anthelu, which is a compound inflores- 
cence, in which the branches of the first order are gradually shorter from below 
upwards (or rather from without inwards), as in JuncaceaB. 

To a floral axis arising from the ground, with no leaves, or with only a few 
bracts, bearing a single flower or a more or less complex inflorescence, the term 
scape is applied. 

The Bracts (p. 79) are leaves borne on the inflorescence, in the 
axils of which the flowers are developed : there may be a single 
large bract, termed a spathe, enclosing the whole inflorescence, as in 
palms and in the Arum Lily (Zantedeschia cethiopica) where the 
bract is white ; or the bracts may be brightly coloured (petaloid), as 
in Poinsettia and other EnphorbiaceaB where they are red, and in 
Leycesteria formosa, Melampyrum^ etc. ; or the bracts may be scaly, 
forming an involucre round the inflorescence as in the Compositae : 
the glumes of the Grasses are scaly bracts ; the bracts are frequently 
not very unlike the foliage- leaves, differing from them mainly in 
form and size. 

The portion of the floral axis below the flower {i.e. the peduncle 
or the pedicel) commonly bears one or more hracteoles or prophylla. 
In most Monocotyledons there is a single posterior prophyllum, 
whilst in most Dicotyledons there are two lateral priphylla. In 
some Monocotyledons, however (e.g. Hydrocharidaceee, such as 
Elodea, Vallisneria, Halophila ; and Amaryllidaceee, such as 
Galanthus, Narcissus, Leucojum, etc.), there are two lateral pro- 
phylla (remaining free in Hsemanthus) which unite to form the 
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so-called spathe which invests the flower of these plants. On the 
other hand, some Dicotyledons have a single prophyllnm which is, 
however, always lateral : this is frequently the result of the sup- 
pression of the second prophyllum, but there are cases (Ranunculus 
aquatilis, auricomus, Lirigua) in which this is apparently the normal 
condition. 

In some cases several bracteoles are arranged in a whorl, forming 
an epicalyx, either close beneath the flower (as in Malva, Anemone 
Hepati'ca, Dipsacus, Clnsia, Camellia), or at some distance below it 
(other species of Anemone). In some NyctaginaceaB the epicalyx 
may become an involucre enclosing several flowers ; this is due to 
the fact that flowers are developed in the axils of some of the bracte- 
oles of the terminal flower. Though they are generally green, the 
bracteoles are sometimes brightly coloured, as in some Amarantacese 
and NyctaginaceBB ; or scaly, as the lodicules of Grrasses. 

The Flower (p. 76) consists of an axis bearing, as a rule, both 
perianth-leaves and sporophylls on the somewhat shortened and ex- 
panded terminal portion of the axis which is the receptacle or torus. 

The perianfch-leaves are generally differentiated into two series : 
an outer, of usually rather small green leaves, the sepals, consti- 
tuting the calyx : an inner, of usually conspicuous brightly coloured 
leaves, the petals, constituting the corolla. 

The flower is usually ambisporangiate (hermaphrodite, mono- 
clinous), but is not infrequently monosporangiate (unisexual, 
diclinous, or even dioecious). The sporangia, with but few excep- 
tions, are borne upon sporophylls (see p. 78) : the microsporophylls 
(stamens) constitute the androecium, the macrosporophylls the 
gynoeceum, of the flower. 

The growth of the floral axis terminates with the development 
of the floral leaves at its apex, excepting in abnormal cases ; and 
buds are not developed, except in monstrosities, in the axils of 
these leaves. The characteristic feature of that portion of the 
floral axis which actually bears the flower is that the intemodes 
between successive floral leaves or whorls of leaves, are not as a 
rule developed, so that all the floral leaves are closely packed and 
are nearly at the same level, the perianth- leaves being external 
and the sporophylls internal. It occasionally happens, however, 
that one or more of the internodes within the flower may be deve- 
loped to some extent : for instance, the intemode (termed antho' 
phore) between the calyx and the corolla, as in Lychnis and some 
other CaryophyllaceoB ; that (termed gonophore) between the corolla 
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and the andrcecinm, as in the Passion- Flower, and ia Orchids 

where the styles adhere to it forming the gynodemium or column; 
that (termed gyaophore) between the andrcecinm and the gynieccnm, 
as in Cleonie (Capparidacete), some Gentians, and some Crnciferte : 
in Gynandropsis (Capparidacete) two internodes are developed, a 
^nophore and a gynopbore. 

When the axis grows, as is nsnally the case, equally in all parts, 
the gynncenm, being nearest to its apex, is the appermost part of 
the flower. When this is the case its insertion is above that of 
the andrcecinm and perianth (Fig. 310 if), and the ovary is said 
to be guperioT and the flower hypogt/tious, as in Rannncnlus, Papa- 
ver, Lilium, and Primnla. Bnt in a great number of plants the 
perianth and andrcecinm are raised by the intercalary growth (see 
p. 17) of a lower portion of the axis (as represented by the outer 




portion of the torns) and stand on a circnlar rim snrrounding the 
apes of the axis which lies at a lower level. Of this condition 
two different forms oconr : — in the one, the carpels are inserted in 
the depression at the apex of the axis (Fig. 310 P), and there form 
one or more ovaries free from it, primarily at least, though they 
may subsequently become adherent to it; in such cases, as in the 
Rose and Apple, the flower is said to be perlgynous : in the other, 
the carpels spring from the upper rim of the cavity which is 
formed by the axis itself and simply cover it in at the top ; snch 
Sowers are said to be ejngynous, and the ovary to be inferior, e.g. 
Gourds and Umbelliferse (Fig. 310 E). Many transitional forms 
between these two extremes ai* found. 

Stipules are sometimes developed in connection with the floral 
leaves ; tbas in some Bosacete (Potentilla, Comaram, Genm, Al- 
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chemilla) the stipules of the sepals form a caJyculus or epicalyx : 
stipules are developed in connexion with the petals of some 
Sapotacece (Dipholis, Mimusops) ; and in connexion with the 
stamens of Allium, Omithogalum, some ZygophyllaceeB, etc. 

Tfte Phyllotaxy of the Flower. The floral leaves, like the foliage- 
leaves on the stem (see p. 25), are frequently arranged spirally, 
(e.g. Caly can thus. Anemone, Trollius) when the flower is acyclic. 
The most common divergence is ^, but higher divergences also 
occur, especially in the androecium, when numerous small organs 
are inserted upon an expanded axis (e.g. Ranunculus). In the 
spiral or acyclic flower there is either no well-marked distinction 
of the various series, that is, the members of the calyx, corolla, 
and androecium, are connected by intermediate forms (e.g. Nym- 
phsea) ; or the various series are sharply defined, each series taking 
up one or more turns of the spiral. 

In most cases the floral leaves are arranged in whorls, that is, 
the flowers are cyclic. Cyclic flowers are connected by inter- 
mediate forms with the acyclic, especially through pentamerous 
forms. Thus some pentamerous flowers are hemicyclic, that is, 
some of their floral leaves are arranged spirally, and the others in 
whorls. Instances of a spiral perianth combined with cyclic sporo- 
phylls are afforded by those flowers in which the members of the 
perianth, calyx, or corolla are developed in -| succession, and the 
prefloration is quincuncial (see p. 60) ; the penanth is spiral in 
the flowers of the Cannabinaceae, ChenopodiacesB, and Amarantaceas ; 
the calyx is spiral in the flowers of the Bindweed (Calystegia 
Sepium), the Rose, some Boraginacese (Cerinthe, Echium, etc.), 
Geraniaceae, Oxalidaceee, LinacesB, CaryophyllacesB, and many other 
dicotyledonous orders ; both calyx and corolla are spiral in Tern- 
stroemia and Clusia. Though the phyllotaxy is not ^ in Camellia, 
the calyx and corolla are spirally arranged. In other cases, the 
sporophylls are spirally arranged, whilst the perianth- leaves are 
cyclic. For instance, in Magnolia, Ranunculus, and Helleborus, 
both stamens and carpels are spirally arranged ; and in Delphinium 
and Aconitum, the stamens only. 

Closely related to the foregoing cases of f phyllotaxy— occur- 
ring in fact not only in flowers of closely allied species, bat also 
in flowers of the same species — are certain of the typical forms of 
cyclic arrangement in which each series (whether perianth, calyx, 
corolla, or androecium), instead of consisting of five floral leaves, 
taking up two turns of a spiral with a divergence of -J-, consists of 
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fonr or six leaves arranged in two whorls, consisting respectively 
of two or three leaves. 

For purposes of comparative description, it is convenient to 
regard each turn of the spiral in an acyclic or a hemicyclic flower 
as equivalent to a whorl : thus a well-defined series with f arrange- 
ment would represent two whorls. 

As in the case of the foliage-leaves (see p. 45), so in that of the 
floral leaves, the order of development is as a rule acropetal : 
hence each whorl of the flower is developed later than the one 
external to it, and earlier than the one internal to it. When, 
however, a series of floral organs is becoming degenerate, its de- 
velopment is retarded; for instance, in the CompositeB, Valeri- 
anacese, and Umbelliferse, the degenerate calyx is developed after 
the corolla, or even after the androecium. The members of each 
whorl may be developed either simultaneously or successively. 

In their arrangement, also, the floral leaves resemble the foliage- 
leaves. When, in an acyclic or hemicyclic flower, the spiral is 
continuous with the same divergence from one series of floral 
organs to another, the members of the successive series lie on 
the same radii drawn from the centre of the flower, that is, they 
are directly superposed. A good example of this is afforded by 
the terminal flower of the inflorescence of Berberis (Fig. 311 ; 
occasionally in Epimediura, and also in Gragea among Monocotyle- 
dons), where the stamens, petals, and sepals are all directly super- 
posed : similarly in Ternstroomia and Clusia, where the sepals and 
petals are in a continuous f spiral, the petals are superposed on 
the sepals. When, on the other hand, the divergence varies from 
one series tQ another, direct superposition does not occur, but some 
form of alternation, as is generally the case in acyclic flowers : for 
instance, the calyx of certain (pentamerous) forms of Anemone 
and other Ranunculacees is arranged with a f divergence, whereas 
the divergence of the stamens is -^^ or ^\. In hemicyclic flowers 
with a simple spiral perianth and cyclic stamens (e.g. Canna- 
binaceae, Chenopodiaceee, Amarantaceee), the stamens are super- 
posed on the perianth-leaves. 

When the floral leaves are in whorls consisting of equal numbers 
of members, the general rule is that the members of the successive 
whorls alternate with each other ; thus, in a flower with calyx, 
corolla, androecium, and gynesceum, each consisting of a single 
whorl of five members, the petals alternate with the sepals, the 
stamens with the petals, and the carpels with the stamens ; and 
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if radii be drawn from tte centre of the flower, it will be seen 
that the stamens are opposite to the sepals and the carpels to the 
petal.^, or more briefly, that the stamens are uTtlisepat&us and the 
carpels are antipetolous. This is not, however, a case of direct 
superposition, since the corolla iotervenes between the androecium 
and the calyx, and the andrcecinm intervenes between the gynne- 
cenni and the corolla. 

There are, however, certain eases in which this law of alternation 
does not prevail, in which, that is, the members of successive 
whorls are directly superposed. For instance, the (4-5) stamens 
are directly antipetalous in several natural orders (Primulaceee, 
Myrsinaceee, Sapotacege, Plumbaginaceee, Ampelidacete, Rbam- 
iiflceie) ; again, in some Campannlacete {e.g. Campanula Medium, 
Fig. 312, Michanxia) the (5) carpels are directly superposed on 
the stamens. 

I'he Floral Diagram. — These various arrangements of the floral 
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leave.s, like those of the foliage -leaves, are most clearly repre- 
sented by means of diagrams (see p. 25). In & floral diagram, the 
calj-x lies externally, and the gyntBcenm, as being the nppermost 
series of organs (even in epigynous flowers) lies most internally. 
In order to be able readily to distiDgoish the varione serieH, 
symbols are used which recall some peculiarity of their form : 
thus the midrib of the sepals is indicated, and, in the case of 
the stamens, the anthers. 

If only such relations of position as can be actoally observed in 
a flower are indicated in the diagram, a simple empirical diagram 
is the result. If, however, the resnlfs of the iavestigation of the 
development of the flower and of the comparison of it with others 
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be borne in mind, a general plan of arrangement will be detected, 
and the individual pec aliari ties of arrangement, quite apart from 
any variation in the form of the organs, will be seen to be due 
either to the suppression of one or more whorls or of one or more 
members of a whorl, or, more rarely, to a multiplication of the 
whorls or of their members. If, however, the organs which are 
absent, but which should typically be present, be indicated in the 
empirical diagram by dots, it becomes a theoretical diagram. In 
this way it is possible to arrive at general types on which large 
numbers of flowers are constructed. Fig. 313, for instance, is 
the empirical diagram of the flower of the Lily, and it is at the 
same time the type on which the flower of Grasses (Fig. 314) is 
constructed in which certain organs are suppressed. 

In constructing a floral diagram the position of the main axis 
should be indicated by a dot placed above the diagram : the 
bract, which would of course be exactly opposite to it, may or may 






Fio. 313.— Floral Diagram 
of a Lily. 



Fig. 314.— Floral Diagram 
of a Grass. 



Fig. 315.— Floral Dia- 
gram of a Grucifer ; the 
median stamens are 
duplicated. 



not be indicated : the side of the flower toward the main axis is 
said to be posterior, and that toward the subtending bract, anterior. 
A plane which passes through the flower and also through the 
main stem and the median line of the bract is termed the median 
plane or section of the flower : the plane which cuts the median 
plane at right angles is the lateral plane or section: and the 
plane which bisects the angles made by the intersection of the 
median and lateral planes is the diagonal plane or section : any 
plane other than these is said to be oblique. By means of these 
conceptions the position of the parts of a flower may be accurately 
indicated : thus, in describing the flower of the Cruciferae (Fig. 
315), the two external sepals lie in the median plane; the two 
inner sepals, the two outer stamens, and the two carpels, in the 
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lateral plane ; whilst the petals and the four inner stamens lie in 
the diagonal planes. 

The number and the relations of the different parts of the flower 
may be indicated not by diagrams only, but also by formnlsB in 
which, as in the diagrams, for the sake of clearness, all the 
peculiarities of form are overlooked. Thus the diagram Fig. 
313 may be expressed by the formula K3^ 03, J3 + 3, G^-\ which 
means that the calyx K, and the corolla 0, each consist of a 
single whoi-1 of three members, the androecinm of two whorls 
each of three members, and the gyneeceum of one whorl of three 
members, all in regular alternation. When one whorl is super- 
posed on another, the superposition is indicated in the formula by 
a line | between the whorls. If the number of members in any 
whorl is variable, the letter n is used instead of a number. Thus, 
for instance, TTn, Cn, ^n + n, 6rn is the theoretical formula of 
most Monocotyledons. The absence of a whorl is expressed by a 
cypher 0, and of individual members by the number of those 
actually present. Thus the formula for the flower of a Grass 
(Fig. 314) is KO, CO, -^3 -h 0, G^. Superior and inferior ovaries 
are indicated by a stroke below or above the corresponding figure, 
and duplication by the exponent 2; thus the diagram Pig. 315 
is represented by the formula K2 + 2, C x 4, A2 + 2^, G^, 
the X after C indicating that the position of the petals is diagonal, 
i.e. that the four petals alternate with the four sepals, as if the 
latter all belonged to the same whorl. The bracket in which the 
number of the carpels of the gyneeceum G is enclosed, indicates 
that the members thus bracketed are coherent. Staminodia may be 
distinguished by a f before the figure. When the perianth is not 
differentiated into calyx and corolla,. it is expressed by the letter 
P: thus the formula for the flower of Chenopodium isP5 | -45 G^-^. 

The Number of Memhera in a Whoi'l shows considerable varia- 
tion : thus, in Monocotyledons it is generally three (rarely two or 
five), whereas in Dicotyledons it is frequently ^yq, less frequently 
two or four, rarely three {e.g. most Lauracese, Berberis, Rheum, 
Polygonum). The number of members in a whorl is indicated 
by the terms di- iri- tetra- penta-merous, etc. Whorls containing the 
same number of members are said to be isomerous ; or, when the 
number of members is not uniform, heteromerous. Flowers having 
isomerous whorls are said to be eucyclic or isocyclic, whereas when 
the whorls are heteromerous the flowers are said to be heterocyclic. 
Of these two conditions the latter is the more common, though the 
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former is frequently realized (e.g. many Monocotyledons). The 
heterocyclic condition is due either to the number of members in 
one or more of the whorls being smaller (oligomery) or greater (pleio- 
mery) than that which is the typical number. The commoner cases 
of oligomery are to be found in the whorls of sporophylls, especi- 
ally in the gynseceum : for instance, the typically pentamerous 
flower of the Saxifragaceaa is heterocyclic because of the oli- 
gomerons (dimerous) gyneeceum; similarly, in the Scrophula- 
riacese, the androecium is generally, and the gynaeceum is always, 
oligomerous, the former consisting of but two or four stamens, the 
latter of but two carpels. Pleiomery is of less frequent oc- 
currence : however in the CrucifersB (Fig. 315) the whorls of the 
calyx, the outer whorl of stamens, and the gynaeceum, are 
dimerous, but the corolla and the inner whorl of stamens are 
tetramerous and hence pleiomerous : similarly, one or more whorls 
of the androecium in the Papaveraceee, Phytolaccacees, and Poly- 
gonacese, are pleiomerous : and probably in other cases where the 
number of the stamens is twice that of the petals or sepals, that 
is, where the flower is diplostemonous, the condition is due rather 
to pleiomery (duplication) of a single whorl than to the develop- 
ment of two whorls as is usually assumed (see below, under 
pleiotaxy). Pleiomery of the corolla is common in double flowers. 

Heteromery necessarily affects the alternation of the floral leaves 
of the successive whorls. Thus, ia the Oruciferae, where the calyx 
consists of two alternating dimerous whorls, and the corolla of a 
single tetramerous whorl, the four petals alternate with the four 
sepals just as if the sepals all belonged to a single whorl. When, 
as is very frequently the case, the gynoeceum is oligomerous, the 
carpels (or carpel) present do not appear to occupy any definite 
position with regard to the preceding organs. 

The Number of WhorU in the Flower. The simplest case is that in 
which each series of floral organs — calyx, corolla, androecium, gynae- 
ceum — occupies a single whorl, or is monocyclic : this is realised in 
a few natural orders, either accompanied with regular alternation 
(e.g. Asclepias, Cornus, Caprifoliaceae generally, Iridaceae, Orchi- 
daceae), or with antipetalous stamens (^e.g. Rhamnaceae, Ampeli- 
daceae). In this case the flower is tetracyclic. 

More commonly one or more of the series may occupy two 
whorls, or be dicyclic. This is generally the case when the whorls 
are dimerous (e.g. both corolla and androecium of Oleaceae and 
Fumariaceae : corolla of Papaver : calyx and androecium of Cruci- 
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ferae ; perianth of Urtica and Moras). Where the whorls are 
trimerons the dicyclic condition is frequent : thus in the majority 
of Monocotyledons there are two whorls of stamens whilst all the 
other series of the flower are monocyclic, so that the flower is 
diplostcmonons with regular alternation : in the comparatively 
few trimerous flowers of Dicotyledons the dicyclic condition may 
bo observed in the androecium (Rheum, Polygonum, Berberis), or 
in calyx, corolla, and androecium (Cocculus). The f calyx, which 
is to be found in very many Dicotyledons, may be regarded as 
equivalent to a dicyclic calyx (see p. 497). A dicyclic gynsBceum 
is to be found in a few Monocotyledons (e.g. Alisma, Butomus) 
and Dicotyledons (Phytolacca, and Malvaceaa such as Malva, 
AlthsBa, Lavatera). 

The conclusion to be drawn from these facts is that in the com*^ 
plete dichlamydeous ambisporangiate flowers of Angiosperms there 
are, as a general rule, five whorls of floral leaves ; the flowers are 
pentacyclic. In most Monocotyledons the five whorls belong, one 
to the calyx, one to the coi-olla, two to the androecium, and one to 
the gyna?ceum: in most Dicotyledons they belong, two to the calyx, 
one to the corolla, one to the androecium, and one to the gynsBceum. 

If, now, such a pentacyclic flower with regularly alternating 
whorls be taken as a type or standard of comparison, it will be 
observed that many flowers deviate from it by having either a 
larger or a smaller number of whorls, the deviation being combined 
in some cases with direct superposition. 

Fleiotaxy, or an increase in the number of the whorls in a flower, 
is characteristic of a number of genera belonging to various 
natural orders. Instances have been mentioned above of Mono- 
cotyledons and of Dicotyledons having flowers with a dicyclic 
gyneeceum ; of Dicotyledons with a dicyclic corolla or androe- 
cium : but the number of whorls is sometimes much greater 
(15 in Aquilegia), when the flowers, as also the special series, are 
said to be polycyclic. Thus, the calyx is polycyclic in !N^andina 
(Borberidaceee) and in Sychnosepalum (MenispermacesB) ; the 
androecium, in Aquilegia, Camellia, Rosa, Lauracese, and Papaver- 
acese ; the gyneeceum, in some Alismacees and Butomaceae. In 
some cases, one series becomes polycyclic at the expense of 
another: thus in the acyclic flowers of Clematis, Anemone, and 
Caltha, the petals are replaced by stamens so that the number of 
turns of the spiral (= whorls) in the androecium is increased whilst 
the corolla disappears. The " doubling ** of flowers is commonly 



GGODP IV.— PHANEBOGAMIA : ANQIOSPERMJ;. 506 

due to the polycyolic development of the corolla, the additional 

whorls being either new formations, or the result of the more or 
less complete replace- 
ment of the sporophylia 
by petals. 

An important case is 
that to be found in 
several Dicotyledonous 
orders (Ericaceie, Rho- 

Crassnlacete, Fig. 318, 
Saxifragacese, some 
Caryophyllacefe, Fig. 
317 ; Onagracefe, Fig. 
323 ; Geraniacefe, Ox- 
alidacess, Zygophyllacete, 
RtttacesB, Pig. 317 0) 
where the flower is dipio' 



ns. 



nd the 




andrcecinm is apparently dicyclic: bnt the flower is not simply 
diplostemonous (as in the Monocotyledons), because the whorls do 
not alternate regularly; the stamens of the apparently outer whorl 
are directly antipetaloua, consequently the stamens of the inner 
whorl are antisepalous, and the carpels (in encyclic flowers) are 
antipetaloua. Such flowers are said to be obdiplostemonoiis (Fig. 
317 C). 

A variation ol the typicil obdiplostemonouB flower ie tonnd in certain Caryo- 
phjllacwB {e.g. Viacari*. Fig. 317 A ; Lyohnis, Ceraatinni, some speeiea of 




to Caryoph^llaceoaa Hovers illas 
(Kifcorio nulsavia} with antieepaloas carpels^ 
carpels (after Eiobler ; C disgram of obdipl 
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Silene) with encyclic (tetra- or penta-merous) flowers, in that, though the ap- 
parently outer stamens are directly antipetalous, the carpels are antisepalous. 
This case seems to he connected with that of the PrimulacesB (see p. 498), where 
there is a single whorl of antipetalous stamens and the carpels are antisepalous, 
through the Sapotacese where a whorl of antisepalous staminodes (Sideroxylon, 
Lucuma) or of fertile stamens (Isonandra) is developed. It would, in fact, 
appear that ohdiplostemony may be the result of either pleiomery or pleiotaxy 
taking place in a primitively isomerous monocyclic antipetalous andrcecium 
(as in Primula) ; when the carpels, in an obdiplostemonous flower, are anti- 
sepalous, it seems to be simply a case of pleiomery; when they are antipetaloas, 
it would seem to be a case of pleiotaxy, the androecium having become dicyclic 
by the development of an inner whorl of stamens consequently involving a 
change in the position of the gynseceum. 

Oligotaxy, or a decrease in the number of whorls in a flower, is 
frequently due to suppression. For instance, owing to the sup- 
pression of one whorl of stamens in some Monocotyledons, either 
the outer (some HaBmadoracese, also Cypripedium), or the inner 
(Iridacese, most Orchidaceee), the androecium is monocyclic. In 
some cases a whole series is suppressed : for instance the corolla 
may be absent (e,g. Grlaux, among the Primulaceae; Alchemilla, 
Sanguisorba, among the Rosacees : some CaryophyllacesB, such as 
Sagina apetala, Scleranthus, etc.) : or the androecium or gynseceum 
(monoclinous flowers, such as those of Sedum Khodiola, Bhamnus 
cathartica, HydrocharidaceoB, ray-florets of Compositee, etc.): or 
the whole perianth (Fraxinus excelsior). 

In most cases of oligotaxy in isomerous flowers, the relative 
position of the remaining whorls is undisturbed : thus, in the 
apetalous flower of Grlaux, the typically antipetalous stamens 
alternate with the sepals, and in that of Sanguisorba the stamens 
are opposite to the sepals ; in the carpellary flower of Rhamnns 
the carpels are antisepalous as in an ambisporangiate flower. 
But this is by no means always the case : for instance, in the 
apetalous flower of Alchemilla the stamens alternate with the 
sepals, seeming to take the place of the missing petals : again, 
the staminate flower of Sedum Rhodiola (Fig. 318) has rudi- 
mentary carpels which are antipetalous, whereas in the carpellary 
flowers the carpels are antisepalous, apparently occupying the 
place of one of the missing staminal whorls; similarly in Halophila 
(Hydrocharidacees) the three carpels of the carpellary flower occupy 
the same relative position as the three stamens in the staminate 
flower. 

Although it is true that, as explained in the foregoing paragraphs, both 
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oligotaxy and oligomery are frequently dae to suppression, in the one case of 
one or more whorls, in the other of one or more members of a whorl, it must 
hot be assumed that this is the only possible explanation. On the contrary, 
it is very probable that the simple structure of the flower in some plants (e.g. 
Urticales and Amentales among Dicotyledons) is not the result of suppression, 
but is itself typical : in other words, these flowers are probably to be regarded, 
not as reduced, but as primitive, belonging to plants which are, it may be, of a 
relatively low type among Phanerogams, but which are on the up-grade, and 
not on the down-grade of organisation. The distinction of primitive from 
reduced forms is, at 
the present time, per- 
haps the most im- 



portant morphological 
problem presented by 
Angiosperms, for until 
it is solved the classi- 
fication of the group 
will continue to re- 
main unsatisfactory 
and inconclusive. 




r^\ 
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Fig. 318.— Floral dia^^rams of Sedum Rhodiola. In the 

The Relations of staminate flower A, the (abortive) carpels are antipetalous : in 

Position between the *'^® carpellary flower B, the carpels are antisepaloas. (After 

Eichler.) 

floral leaves and 

those which precede them on the floral axis, can be most readily 
made out in the case of a flower borne laterally on a main axis, 
the pedicel springing from the axil of a bract. Where, as in most 
Monocotyledons, the flower-stalk bears but a single bracteole or 
prophyllum (see p. 

493), this is gener- O O 

ally situated op- 
posite to the bract 
(Fig. 319^), that 
is, posteriorly to 
the flower ; in this 
case the odd sepal 
of the trimerous 
calyx is situated 
anteriorly. When, 
as in most Dico- 
tyledons, there are 
two lateral pro- 
phylla (usually indicated as a and y8), one on each side of the 
flower-stalk, the position of the sepals varies according to the 





A 



Fig. 319. — Floral diagrams of Lilium hulhifeTi'um (after 
Eichler) : A with normal position of the prophyllam p, op- 
posite to the bract b: B with lateral prophyllam (p). 
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Thus, when there are two carpels, the plane of symmetry ia generally 
median because the carpels ai* frequently median or, less com- 
monly, lateral {e.g. Vincei minor, Ribes alpinum. Fig. 324 A, H): 
but when the two carpels are placed obliquely (e.g. many Solanacese, 
such as Petunia, Fig. 324 Z> ; Datura, Hyoscyaraus : Menyanthea 
among Gentianaceee, Fig. 324 F; Saxifraga), the plane of symmetry 
is oblique. Similarly, when the gynteceum is monomerous or 
trimerous, if it is so situated that its plane of symmetry coincides 
with the median plane of the flower (e.g. with monoinerons 
gynseeeum, Mii-abilis, Mabouia ; with trimerous gynseceum, Pole- 
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diasniim- are acnnomorpbtc, 
isobilaieral, or simply xj- 
gomorphic, the dorsiren- 
trality being dne to the 
subseqaent irregular de- 
velopment of Borae of the 
floral leaves ; aa in some 
eucyclic flowers {e.g. among 
SIonocotvledoDs, Agapan- 
thua, Alstroemeria, Ama- 
rvllis, Gladtolna ; among 
I licotvledons. Dictamnne, 
and other Rntete, species of 
Inipatiens, Pelai^niam), 
and in some heterocfclio 

1,al>iate, some Capiifoliaceffi, 
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Violacete, Echium, Lobelia, Ot-chidaceaa, the. marginal flowers of 
the iiifloreaoenceB in some UmbeUifenB and the ray-florets of some 
CompoBitffi). The degree of irregularity in these flowers varies 
widely ; the irregnlarity may be very slight, dne to the more active 
growth of the leaves (perianth-lea vea only, or stamens also) of 
one half of the flower, either the post.erior {e.g. Gladiolus), or the 
anterior (e.g. Amaryllis), which causes an upward or a downward 
curvature ; this is more marked in Dictamnus where the calyx 
and corolla tend to form two lips, an npper and a lower; this 
bilabiate form of flower is more fully developed in the calyx and 
corolla of the Labiate, the corolla (personage, the lips being closed) 
of the Scrophulariace», and of the Orchidacera and Lobelia. In 
not a few cases the irregularity of the flower ia increased by the 



portion of the perianth (e.g. 




I SHiquoitrum 



development of spars from 
among Monocotyledons, Or- 
chis, Rhinopetalura, from the 
corolla; among Dicotyledons, 
Linaria, Viola, from the co- 
rolla; Pelai^ninm, from the 
calyx). A remarkable mor- 
phological feature is offered by 
the flowers of Orchis and of 
Lobelia which are resupitmie ; 
that is, in consequence of tor- 
sion of the pedicel, the pos- 
terior side of the flower becomes 
anterior. The plane of sym 
metry is generally median in 
these flowers. 

In some few cases the irregularity, leading to dorai ventral ity, 
is dne, not to the nneqnal development of the floral leaves, but 
to the configuration of the floral receptacle, so that the floral 
leaves are not developed in a radially symmetrical manner (e.g. 
Reseda, Papilionete, Fig. 327). 

When in irregular flowers the single plane of symmetry is the 
median plane, the flower is dorsiventral : but there ai-e other eases 
(e.g. flowers of some Pumariacese, Fumaria, Corydalis) in which 
the single plane of symmetry is the lateral ; these flowers are 
therefore not dorsiventral, that ia, they have not an tero- posterior, 
but lateral, asymmetry. The zygomorphic symmetry of a flower 
is indicated in its floral formula by symbols ; when the plane of 
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symmetry coincides with the median plane the symbol ^ is nsed, 
and when it coincides with the lateral plane the symbol -^, 

Sometimes regular flowers are developed by plants which 
usually produce irregular flowers: these exceptional flowers are 
termed peloria. This is due in some cases to the faot that the 
primitive number and arrangement of the floral organs is not 
disturbed by the irregular development of the parts which usually 
takes place : such cases are distinguished as regular peloria (e.g. 
Viola, Grloxinia, Labiatse, etc.) In other cases the peloric flower 
is to some extent the result of the symmetrical development of the 
irregularity (e.g. the development of five spurred petals and five 
stamens in Linaria). Dorsiventral flowers are, generally speaking, 
such as are borne laterally on the inflorescence ; whilst the ter- 
minal flowers (which may be regarded as peloric) are frequently 
regular. Peloric lateral flowers are, however, known to occur. * 

There remain to be considered those flowers which cannot be 
symmetrically divided in any plane : such flowers are asymmetric. 
Amongst these are to be included most of the acyclic or hemi- 
cyclic flowers in which the number of members is high and the 
divergence variable {e,g. Calycanthus, some RanunculaceaB, etc.) : 
the asymmetry of most of these is approximately, though not 
quite accurately, actinomorphic, but in some it is dorsiventral {e.g. 
Delphinium, Aconitum). Asymmetry is rare in cyclic flowers, 
but is to be found in some heterocyclic flowers : for instance, 
in TropsBolum, Canna and other MarantacesB, Valeriana and 
other Valerianacees, where the asymmetry is dorsiventral and is 
due to oligomery and irregularity combined, whilst in other cases 
{e.g. some Paronychiese, Pig. 328 0) it is due merely to oligomery. 

The Floral Organs. 

The Perianth is completely absent, that is, the flower is achlamy- 
deousy in a few families {e.g. Piperaceee, AracesB, Grraminaceee, many 
Cyperaceee, Salicacese). When present, it is usually differentiated 
into calyx and corolla, the flower being termed dichlamydeous or 
hiseriate: when the calyx and corolla clearly differ from each other 
in colour, texture, etc., the flower is said to be heterochlamydeoua ; 
for instance, when the calyx is green and the corolla highly 
coloured (as in most Dicotyledons, and in some Monocotyledons 
such as Tradescantia and Commelyna) ; or when the calyx is 
coloured (petaloid) and the petals reduced to nectaries (as in Helle- 
borus and other Ranunculaceee). When the perianth-leaves are all 
alike, the flower is said to be homochlamjjdeous. This condition 
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may be due to different cauBes in different cases ; the flower is 
sometimes homochlaoiiydeouB, even though calyx and corolla are 
differentiated, because the sepals &nd petals are very similar, aa 
in most Monocotyledons where the sepals are often petaloid ; in 
other cases the flower is homochlaniydeona, because only one 
series of perianth-leaves is developed ; that is, because the flower 
is VKmochlamydeoug. The flower may be monochlamjdeous be- 
cause, thoDgh typically dichlamydeous, eithev the calyx or the 
corolla ia suppressed {e.g. calyx auppresaed in some Umbelliferte 
and Compositte; corolla snppreaaed in most Thymelffiacete, 
Part)nychie«;, Glaus, some Rosacese, such aa Alchemilla and 
Sanguisorba) ; where the corolla is suppressed or rndimontary the 
calyx is frequently petaloid (e.g. Clematis, Anemone, Caltha, and 
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other RftnunculaceBe) : or the flower may be monochlainydeona 
merely because the perianth is undifferentiated (simple), and is 
then generally sepaloid (e.g. Urticacese, Betulacete, Proteacefe, 
Cheuopodiacete, etc.), or petaloid (e.g. some Amavantacete, Phyto- 
iaccaceffi, Kyctaginaceae). 

It is not always easy to determine whether a homochlamydeous 
flower is dichlamydeous or monochlamydeous ; but the decision ia 
facilitated by the consideration that, as a rale, the calyx and 
corolla each consist of a single whorl of perianth- leaves in the 
Monocotyledons, whereas in Dicotyledons the calyx generally con- 
sists of two whofls. Hence, in the absence of contrary informa- 
tion afforded by its development, a homochlamydeous flower having 
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two perianth- whorls shoald, if a Uonocotyledon, be regarded as 
beinf^ probably diohlamydeons ; whei-eas, if a DicotyledoD, it 
should be regarded as probably moDOchlaiajdeous, the two whorls 
representing either a caljx or a simple perianth. 

The individual leaves of the perianth may be either perfectly 
separate (eleaiheropeialoug or polypetalous corolla, eleutherosepalcmi 
or polysepaloug calyx), e.g. Rananculas ; or they may cohere from 
the base upwards, so as to form b longer or shorter tube, which 
divides at its upper end into as many teeth or lobes as there were 
originally leaves (gantotepaloug calys, gamopetalout corolla) (Fig. 
329 A B G c and B k) ; e.g. the Primrose and the Tobacco plant. 
In Diantbns (the Pink) the sepals alone are coherent, as also ia 
Daphne (Pig. 329 L) 
where the corolla is 
absent. More rarely 
all the leaves of the 
perianth cohere to 
form one tube, e.^. the 
Hyacinth and allied 
genera ; the six loben 
of the tube correspond 
to the three sepals 
and the three petals. 
The simple perianth 
also may consist of 
separate leaves (eleu- 
therophylloug or poly- 
phyllous perianth), e.g. 
Amarantas, or the 
leaves may be coher- 
ent (^ga'mophyUotu),e.g. 

palouBcaljioi DopStnlftMinim ; r the tubei ithslioib. Aristolochia. 
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The degree of division presented bji gunophyllonB pariuitbs into teeth or 
lobea is indicated by the same terms wHioh ore need in deiaribiDg the iuoision 
of the le&F-blade (page 64). The form of the gamopetalom oorolU may be 
campanulate, as in the Curopanula ; funnel -ihaptd (or infundibulyfora,), m in 
the Bindweed |Fig. 329 A) ; rotate, as in the Elder (Fig. 829 <7). The upper 
and lower portiona maj frequently be dietingniabed, the lower M tht tvbt (Pig. 
32'J B r), the upper expanded part SB the Itmb (Fig. 329 B t). Other peoilUM> 
ities ol form are connected with the Bymmetr; of the floner (page 611). 

The petal frequently consists of two parts, the claw and the 
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limb, as in the Pink (Fig. 330 A B). The Corona (paracorolla) in 
the NarciasuB and Lychnis is formed by ligolar outgrowths from 
the claws (Fig. 330 B I). Any segmentation of the petal, as in 
the Fink (Fig. .330 A) is nnnsnal ; emarginate or obcordate petals 
are more commoii. In many cases the petals have apur-shapod 
. appendages {Violet, p. 611X or they are prolonged at the baae into 
tubes, as in Helleborna and Aconitum. This peculiarity is con- 
nected with the accretion of the nectar (page 526). 

The Reproductive Organs of the Flower are sporangia of two 
kinds, micro sporangia and macros porangia, borne usually on 
sporophjlls, though sometimes directly on the floral axis. The 
flower is usually ambiaporangiate { ^ , hermaphrodite, see p. 432) ; 
but it is not infrequently monosporangiate (unisexual), in whiuh 
case the flowers are either microsporangiate ((f, stamiaal) or 




Fio. 390.—^ Fetal ol Pinntkuf >up«rbut, with (») the elaw i 
B Petal of LyohnU : ■ oLb* ; p Umb ; 1 ligula. C Flower of 
eooroUsi kcslfii a epicalji. 



Jsporangiate ( $ , carpellary). The plants which have mono- 
sporangiate flowers may be either moncecious (_e.g. Zo8t«ra. Arum, 
Cares, Typhacew, Zea, Betnlacess, Ettphorbia, Buxus, Juglans, 
QuercuB, etc.): or dicecions (e.g. Pandanaceee, some Palms, Naias, 
Vallisneria, Hippophae, Cannabinacese, Salicacete, Mercurial is, 
Viscnm, Kmpetrum, Fenillea, etc.): or polygamous. Of polygamy 
there are several vArieties : thus, the plant may bear ambi- 
aporangiate flowers and staminate flowers (e.g. Veratrum, Ftelea, 
j^gculut Hippocastanum, Celtis) ; or ambisporangiate flowers and 
carpellary flowers (e.g. Thynntit vulgaris and T. S^pyllttm, Parie- 
taria diffusa and F. nfficinalig) : or it bears ambisporangiate flowers 
and both staminate and carpellary flowers (e.g. Fraxinus excelsior^ 
Saponaria ocymoides) . 
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Some flowers are probably primarily monosporangiate (p. 505) ; 
that is, there is no reason to believe tbat the monosporangiate 
condition is due to the suppression of either micro- or macro- 
sporangia {e.g. Hemp, Oak, Walnut, Poplar, Willow). Others are 
secondarily monosporangiate; that is, there is reason to believe, 
either from their development and structure, or from their relation 
to allied ambisporangiate forms, that they are typically ambi- 
spoi-angiate, but have become monosporangiate by suppression: 
thus, in the CucurbitaceeB some genera {e.g. Cucurbita, Cacumis, 
Bryonia, etc.) have monosporangiate flowers, whilst in others {e.g. 
Schizopepon) the flowers are always ambisporangiate ; similarly, 
in the Caryophyllacero, the flowers are generally ambisporangiate, 
but in the species Lychnis vesper tina and L. diurna they are mono- 
sporangiate ; and again in the Polygonaceee certain species of 
Rumex {R. Acetosa, Acetosella, etc.) alone are monosporangiate: 
in some monosporangiate flowei*s traces of the missing organs are 
to be fonnd, such as staminodia in carpel lary flowers {e.g. Cocculus 
and otlier Menispermaceee, Feuillea among the CucurbitacesB ; 
Laurus nohilis), or rudimentary pistils in staminate flowers {e.g. 
Ehamnus catharfica, Cocculus, Lychnis vespertina and diurna). 

It sometimes happens that typically dioecious plants become 
exceptionally monoecious (e.g. development of ? flowers on (J 
plants of Myrica Gale and Cannabis sativa ; or of cf flowers on ? 
plants of Cannabis sativa and Mercurialis annua) : or that a typi- 
cally diclinous monoecious plant bears some monoclinous flowers 
(e.gr. Ricinus). 

The Androecium comprises the microsporophylls (one or more) 
of the flower, the stamens. Each stamen usually consists of two 
parts ; a slender stalk called the filament (Fig. 331 s), and a 
placental portion which beai's the pollen-sacs (Fig. 331 Bp), known 
as the anther (Fig. 331 a). The anther consists of two longi- 
tudinal halves, termed thecal, each of which usually contains two 
pollen- sacs ; these two halves are united by the placental portion 
of the filament which is known as the connective (Fig. 331 c). 
This is occasionally very narrow, so that the two halves of the 
anther lie close together (Fig. 331 Aia) : in this case it may be 
that the anther is not sharply marked oft' from the filament, and 
is attached throughout its whole length to the filament (^adnate, 
Fig. 332 C) : when the anther is sharply marked off from the 
filament, it may be attached to the filament by its base, when it is 
said to be innate or basifi^.ed (e.g. Tulip) ; or the filament is in- 
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serted in the middle of its dorsal surface, when it is dorsijixed 
(Fig. 331 J.) ; in the last case it may be articulated as by a joint, 
so that the anther with the connective can oscillate on the apex 
of the filament (versatile anther^ Fig. 331 0), as in Grrasses and some 
other plants. But the connective is often broader, so that the two 
halves of the anther are widely separated (Fig. 331 B) ; it may be 
much elongated (distractile) and very delicate, so that, with the 
filament, it forms a T-shaped body (Fig. 331 G) ; in this plant, 
the Sage, the further peculiarity is exhibited that one-half of the 
anther is abortive and is modified for another purpose. It is only 




Fio. 331.— stamen: A^ Of Lilium: 8 flla- 
ment; a the dorsifixed anther. A^ Side 
vievr. B Of Tilia : c connective. C Of 
Salvia, with dorsifixed versatile anther : 
b 18 the half of the anther that has been 
modified. D Transverse section of the 
anther of Hypericum (mag.) : p the 4 
poUen-saiCS ; c connective. 




Fig. 332.-^1 Stamen of AlUnm. B 
Of Vacciniwm Myrtillus. C Of Paris 
quadrifolia (mag.): /filament; e 
connective ; a anther ; b appen- 
dages; p the pores by which the 
anther opens. 



rarely, as in Herb Paris, that the connective is prolonged beyond 
the anther into a point, or into a bristle as in the Oleander. 

The filament is usually round and stalk-like, of a delicate 
coloured or colourless tissue, with a central vascular bundle ; it is 
occasionally flattened ; when it is very short or absent the anthers 
are sessile. 

In some plants, e.g. Allium (Fig. 332 A), the filament has 
what appear to be stipular appendages ; in others, e.g. Erica (Fig. 
332 B) and Asclepiadaceee, the anther is furnished with appen- 
dages, such as spurs and so forth : in Viola, the spurs borne by 
the two anterior stamens are glandular. In certain plants the 
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stamens, that is to say the filaments, branch ; either, like most 
leaves in a plane perpendicular to the median plane, as in Myr- 
taceae and FumariaceaB, or in various planes, as in Ricinus (Fig. 
333) and Hypericaceee ; an anther is borne on each of the branches 
of the filament. 

Somewhat similar in appearance, but essentially different in 
structure, are the coherent stamens of the Papilioneae and other 
plants. The stamens of each flower may be coherent into one or 
more bundles. The arrangement becomes complicated when the 
filaments are at the same time coherent and branched as in the 
Malvaceae. When the filaments are all coherent into a single 
bundle (e.gr. Malvaceae), they are said to be monadelphous : when 
in two bundles (e.g, some Papilioneae, Fumariaceae), they are 
diadelphous ; when in several bundles {e,g. Hypericaceae), they are 
polyadelphous. In the Compositae (e.gr. Sunflower and Thistle), 
though the filaments are free, the anthers become coherent or 
eyngenesious. When the stamens are quite free from each other 
they are said to be polyandrotis, 

A variety of the monadelphouB condition is fonnd in the ^ flowers of 
certain Araoeaa, where the stamens are united into a central column termed a 
synandrium. 

Besides these varieties of cohesion, adhesion frequently occurs ; 
that is the filaments adhere to other portions of the flower, par- 
ticularly of the perianth, so that they — or when they are very 
short, the anthers — appear to be inserted not upon the axis of 
the flower, but upon the leaves of the perianth (epipetdUms or 
epiphyllous) . This condition is most frequently present when the 
petals themselves are connate and form a tubular corolla, e.g. 
Primula. The adhesion of the stamens to the carpels is of rarer 
occurrence {e.g. Orchidaceae, Stylidium, and Aristolochia) ; the 
flower is then termed gynandrous. 

In many flowers it happens that certain filaments, occupying a 
definite position with regard to the other parts of the flower, are 
longer than the others ; thus, of the six stamens of the Crucif eras 
{e.g. Wallflower and Cabbage), four are much longer than the other 
two ; of the four stamens of the Labiatae (e.g. Lamium), two are 
longer than the other two. In the former case the stamens are 
said to be tetradynamousj in the latter didynamous. 

Stamens which bear no anthers are termed staminodia : they 
are to be found in flowers which have become monosporangiate 
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by Bappression {e.g. carpellary flowers of Lauras nohilii), as well as 
in others where Hnppression of the polien-eacs is incomplete (e.g. 
Canaa, Trolling, some Lauracete) ; ia the latter case the stamin- 
odia are frequently petaloid. Iq many acyclic flowers (e.y. 
Nymphtea), the stamens and the petals are connected by inter- 
mediate structures, of which it is difficnlt to say whether they are 
to be regarded as petaloid stamens or as staminoid petals. 

The Microgporangia or Pollen-Sac-t are borne on the anther. 
There are commonly four of thera (quadHlocular anther), two 
forming a sorus in each longitudinal half (or theca) of the anther,. 
situated usually side by side, but sometimes (Lanraceie) one above 
the other ; in the former case the typical arrangement seems to be 
that of each pair of pollen -sacs one 
belongs to the anterior or inner 
surface of the anther, the other 
to the posterior or outer surface. 

In some cases, however, there 
are but two pollen-sa«s — (bilo- 
etilar anther) ; this may be due to 
the non-development of one longi- 
tudinal half of the anther {e.g. 
Cucnrbitacete, Salvia, Canna) ; or 
to branching (e.g. Adoxa, Malva- 
cefe); or to the abortion of one 
pollen-sac, generally the posterior 
one, of each pair {e.g. Asclepia- 
dacesB, Grnbbia) ; or (some Lanra- 
ceee) of the upper or lower one of 
each pair; or, Anally, to the early 
fnsion of the archesporia of two 
adjacent pollen-Bacs (some Orohi- 
dacese). In the Aracete the process of fnsion is carried to such 
an extent that all four archesporia fuse, so that the anther is nni- 
locnlar. 

Earely (e.g. Sarcophyte, among Balauophoracete) the anther 
bears numerous poUea-sacB: the pollen-sac is sometimes multi- 
locular (see p. 433). 

Each pollen-sac encloses an archesporium from which the 
mother-cells of the microspores (poll en- grain a) are developed by 
division : each group of spore- mother- cells is invested by a layer 
of granular cells, the tapetum. (Fig. 281 t), which eventually be- 
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comes disorganised : externally to this is the wall of the pollen- 
sac consisting of one or more layers of cells with usually reticu- 
lately thickened walls, followed by the epidermis at the surface. 

The pollen-sacs dehisce usually by a longitudinal slit which, 
when the anther is quadrilocular, is generally so situated that it 
at once opens into both the pollen-sacs of each half of the anther, 
and frequently the tissue separating each pair of pollen-sacs 
becomes dried up and ruptured whilst the anther is ripening : 
sometimes the dehiscence of the pollen-sac is transverse (Al- 
chemilla); sometimes it is valvular (LauracesB, BerberidacesB) ; or 
by apical pores (EricaceeB, PolygalaceeB)." Though in a quadrilocular 
anther the pollen-sacs typically belong, two to the inner (ventral), 
two to the outer (dorsal), surface of the anther, it frequently 
happens that in the course of their development they become 
somewhat displaced, so as to appear all to belong to either the inner 
or the outer surface ; hence, when dehiscence takes place, the 
pollen is shed, in the former case, towards the centre of the flower, 
when the anthers are said to be introrse ; and, in the latter case, 
towards the periphery of the flower, when the anthers are said to 
be extrorse. These terms are similarly applicable in the case of 
bilocular anthers. Introrse anthers are the more common ; ex- 
trorse anthers occur in the Calycanthace», Aristolochiacese, 
Iridaceee, JuncagineeB, Aracece, and in various genera of other 
orders. In rare cases some of the anthers of the flower are introrse, 
and others extrorse, as in sonde species of Polygonum (P. Bistorta^ 
tataricum, aviculare,'etc,), when the anthers of the outer whorl are 
introrse, and those of the inner whorl extrorse ; and as in most 
Laurace89, where the anthers of the innermost staminal whorl are 
extrorse, whilst those of the outer whorls are introrse. 

The Microspores or Pollen- grains. The essential features in the 
structure and development of the microspores have been already 
fully described (see pp. 125 and 434). 

The shapes of the pollen-grain are very various (p. 436): it 
may be spherical, oval, triangular, etc., or long and cylindrical 
(confer void) as in the NaiadacesB. In Halophila the shortly cylin- 
drical pollen-grains adhere so as to form filaments. 

On germination the pollen-grain gives rise to one or more 
pollen-tubes, which consist of outgrowths of the intine: these 
penetrate the exine (when present), either rupturing it irregularly, 
or at determinate points where the exine is thinner and less re- 
sistent (e.g. Onagraceee, MalvacesB), or where there are lid-like 
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areas which are easily removed {e,g. Cucurbitacese, Fig. 282). 
These points are definite in number (1, 2, 3, 4, or more), sometimes 
very numerous (Malvacese). 

The Oynceceuni or Pistil is always the terminal structure of the 
flower, occupying the apex of the 
floral axis. It consists of the 
macrosporophylls or carpels, which, 
in the Angiosperms form the 
whole or part of the ovaries, that 
is, closed cavities containing the 
ovules. If in a flower where 
there are several carpels, each of 
them closes by the cohesion of 
its margins, they form so many 
ovaries ; the gyneelceum is then 
said to be apocarpous (Fig. 335^), 
e.g. Banunculus, Paeonia, and 
Butomus ; if there is only one carpel (Fig. 335 B\ the pistil is 
said to be apocarpous and simple ; if several carpels in one flower 
cohere and form a single ovary (Fig. 335 C), the gyneeceum is said 
to be syncarpous, e.g. Poppy and Lily. Intermediate forms occur 
in that the carpels may cohere by their lower ends whilst their 
upper ends remain free (Fig. 335 D). 

The ovary is said to be monomerous when it is formed of only 
one carpel (Fig. 336 A), the margins of which cohere on the side 



Fig. 334.— Germinating poUen-Rrain of 
Epilobium (highly mag.) bearing a pollen- 
tube 8 J e exine ; i intine ; ah c the three 
spots where the exine is thicker in antici- 
pation of the formation of the pollen-tube 
developed in this case at a. 




Fig. 335. — A Apocarpous gynaeceum of Aconite. B Simple apocarpous gynseceum of 
Melilotus. C Tetramerous syncarpous gyDeecoum of Rhamnus cathartica. D Ovary of 
Saxifraga, formed of two carpels which diverge towards the top: t torus; /ovaries; 
g style ; n stigma ; b ventral suture. 

opposite to the midrib. The outer side along which the midrib 
runs is the dorsal surface (Fig. 336 A r), and the midrib itself is 
the dorsal suture ; opposite to it is the line of cohesion, the ventral 
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i/enniTiaJlT hX the apex of the floral axis (e.g. Pc^jgomun, Piper, 
KaiaR, Fig. 33^ F) ; or lateral Ij, below or behind ibe mctnal apex 
u.p. GompoBitJB, Fig. 338 2>). 

Ft»r ot.her dfsacriptiTe terms relating to tbe omle, refer back to 
p. 4>;7. 

Tiif macrosporanginm or ornle, oonsists primitivelj of a mass of 
(jt^llclar tifisne, the nuceUus, inrested by one or two integmnents, 
with a mieroprle at the apex (see p. 436) : generall j speaking, two 
inteermneiitB are present in the Monoootyledons, in most poljpetal- 
ODCi Diootjledons (with exceptions snch as some Umbellifere and 
Ra^nLDculaoeaB), and in the CncnrbitaoeB amcmg GamopetaJae; 
whereas there is only one integument in the Gamopetals (except 
Cucnrbitacee) and in the polypetaJons orders, UmbeUifene and 
RaniLDcalaoee. In some few cases (e.^. Santalaceip, Loranthaoeffi, 
Balanophoracec)^ where the development of the oTnle is degraded 
in oorrelaticn with the parasitic habit of the plants, the OTole has 
no integnment. 

The Macrofpore or EmhTyosiic. The structure and deTelopment 
of the macrospore are described on p. 438. 

Accessory Organs cf the Flou>er. The most common of these is 
the Kectaryj a glandular oigan secreting odorous or sweet liquid, 
and thus attracting insects. The nectary is som^imes borne on 
some other organ — which is not thereby materially modified (e.g, 
petals of Ranunculus stamen of Viola) ; or on a specially modified 
perianth'loaf (e.g. petals of some Ranunculaoee, as Helleborus, 
Kranthis llelphiniam)^ or on staminodia (e.g, the posterior of the 
five stamens in Gesnei^ceie ; a whorl in Pamassia ; one or more 
whork in various Ijauraceie) : in some cases it is borne on the 
carpoK in the soptA of a multilocular ovaiy (septal glands of many 
Mon(XH>t ylodons, liiliacofe, Amaryllidaceie, and Iridacee). Generally 
1 ho nootAFV is homo on the floral axis, when it is described by the 
general t4>rm disc : it may be a single tubular oui^px)wth (CHsta- 
IoUh") or A flAtt<^nod scale ^^other Capparidaceff'., some Besedacese) ; a 
singlo pt^storior soaIo ; or several in a whorl, as scales or rounded 
pri>minonpos \^t\g. Aixvynaooap ; two in whorl in Vinca, Dipladenia ; 
\\\v \\\ Kt>i'ston>ni« ; many in Norinm : Cmcifene, generally four : in 
Vitis \\\o) ; or rtsS n ring of tissne, ronnd the base of the ovary 
(f.j/ Hu<}uvrt\ Anno^i\liAooa\ Rhamnace«s CelastracesB) ; or on the 
uplMM* Nurfnoo «>f <ho inferior ovary {e.g, UnibelliferiB), 

Tho |>«vNHi«>n of the axial noctAries or discs is various: in some 
f1«>\vot>j H ijs i',vtriujit<}y))inoK and then it is situated either between 
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the androecium and the corolla {e.g. CapparidaoeeB, SapindaceeD, 
Resedaceae), or, less commonly, between the corolla and the caljx 
(e.g. some Apocjnaceee, such as Nerium) : in others it is intra- 
staminal, that is, between the andrcBcium and the gyneDceum (as 
in RntacesB, Rhamnaceaa, Celastraceae, etc.). Again, the disc is 
generally hypogynous, but sometimes epigynous (Umbelliferee). 

Generally speaking, when the nectaries, of whatever kind, are 
towards the outside of the flower, the anthers are extrorse (e g. 
Ranunculaceee); and when towards the centre of the flower, the 
anthers are introrse. 

The most striking accessory structures are those of the Passion- 
flower : these are coloured filaments, borne in successive whorls 
(as many as five), between the corolla and the androecium: they 
are not glandular, neither 
can they be regarded as 
staminodia or as modified 
petals. 

The General Histology 
of the sporophyte is suf- 
ficiently treated of in Part 
II., and in the general 
account of the Phanero- 
gams (p. 440). 

The Frmhryogeivy of the 
sporophyte is considered 
on p. 440. 

The Gnmetophyte is con- 
sidered on p. 447. 

Fertilisation, After 
reaching the stigma the 
pollen-grains protrude the pollen- tubes which penetrate through 
the tissue of the style into the cavity of the ovary, and through 
the micropyle of each ovule to its nucellus (Fig. 339 P n). The 
time required by the pollen-tube for this process depends partly on 
the distance of the pollen-grain from the ovule and partly on the 
specific peculiarities of the plant; thus the pollen-tube of the 
Crocus takes only from one to three days to traverse the style, 
-which is from five to ten centimetres in length ; but in the Orchids, 
where the length of tJie stjle varies fi'om two to three millimetres, 
several days, weeks, or even months are needed, and it is during 
this process that the ovules are formed in the ovary. 

V. s. B. MM 




Fio. 339.— Diagram of an ovule ahortly after 
fertilisation ; a outer, and x inner integuments ; / 
f unicle : k nucellus. S Embryo-sac in which E is 
the embryo developed from the fertilised oospbere. 
The sac also contains the endosperm-cells which Hre 
being formed by free cell-formation. P The pollen- 
tube, passing through the micropyle, n. 
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In Casnar'ua the pollen-tube does not enter the ovary by the style, bat makes 
its wav through the tissue of the wall of the cT^ry into the placenta, whence it 
|vm>trato8 into the ovule by the chalaza : the pollen-tube now grows towards 
the mioropylar ond of the ovule through one of the elongated sterile macro- 
:^|>v>ne« (nee p. 438), and comes into close relation with the fertile macrospore, 
witliout, however, entering it ; the male cell is apparently extruded from the 
fv^Ken-tulte into the macrospore, and enters the oospfaere from below. The ter- 
miu«l pi^rtion of the pollen- tube becomes, in this ease, completely abstricted off 
fry.>:n the rest : and generally, when the pollen-tube is very long, the terminal 
fvnion h^e^^mes shut off from the rest by a plug of cellulose. Some other 
Aaentales vConrlus, Cari.unu3, Alnus, Betula) also are ckaUuogamic. 

The ErfuUs of FertUtmtton. The Seed is described on p. 458. 

The Fruii, In view of the variety in the stmctnre and morph- 
olocT of the fruit of AngiospermSy a somewhat detailed acconnt of 
it :s r.txv>sarv. 

The Wv>!>i/.'?iiV, in its strictest sense, means the whole prodnct 
of the iiovolt^pmont of the cyna»cenm asaresalt of fertilisation. If 
o:hor |v^ri* of the flower take part in the formation of the organ 
^fchi^^h :s f.rr.^.c'si in cv^nse^nenco of fertilisation, and which contains 
ihe $afH>i ^of what, in shorr. is oommonlr called the frnitX it is 
i<'m'st\? a «■%'-/.-%* •*Ty/j or jr*^ vJorvxTyi. The apple, for instance, is 
sxjrh a ^trv.r;,*;:* fr;:iu for ihe v'^^'^r flcshv part belongs to that 
^\*Ti *^: iV.t ax-is of the ivrr^^nons flower which snnonnds the 
i'A-AT'^os ar..; w>.io>, s;:*^ hfifcrs tJie iiepals ;Fkr- 2 Jl). What are 
*■•*.'; si i>:*' r-.;is 0^' l^*>e arpV a'^ the iiiM^ds. This kind of spnrions 
iu, 1 IS 'i^'*T,-?o,i a v*.ymf Th^ sirfcwheTTx ailso i* a jfinrions fmit: 
'-:. -.1 iSf -rwxynfc^-^.f. w>.>r->. Sf^.-.y^rs. cif «nirae i** tbe axis, de- 
X- ..,,^.x .fc'»c5f-.x a7:«i >»o."v*^TM<> •fiitf.r.T ani iioan^ i3»e troe fmits 
ji, !?*'^',^ ./; ^hf •*i:*rr, ,*c srrrjh'.l hiirc jTr^.-'iK. Tbe fig is another 
*vm; ;.V ,'if A >;' r,r>,Mis f:T. 1 . ".T is -T. fac^T a &siiT receptacle 

.. hi >.\:v ■%> V y. K'**,'^ % yf. t :A43^i :c £i»a=iifQ &wer5 sitnated 
.>.N-.», .1', ,1*1^ ;* ,.: i.)^ ^vv;«r4<'ru^ ajii Tie isdiridBal fmits 
).,..vi. »,> N>,\. ^:- -fc •> >n.-! ifa r-M .5 TS T^crmed a iwrjmm*, Asain, 
^ )', • . •', . ^ i.'v-v ».iv\ fv. -fc ^.T A-^.i:»?%f* *c Ki**»It f!row3eid flowers, 
>.^ 1 ♦•; X. » ;v ' -x «-iv*. \\f ':^!ivf*^KT»7tV{.. 'Serirane fmnrajesi., m kind 

.1 .1 u.- .'i.>5.>, « I » vv ,'». t,\,. . !»/ *«,.;i«</- i<. i/irnji^ wliarli contri- 

)»» , >• '», ' » M»»» » »i » « >< fill -Mil rx ***l;i: r.'ljl? is f ;^CTIK*ii bv thp 

m 

N ■ ' * » ^ • '' .X ^^ X •..■ *'\%. \y ■ ». rr^** i^.:*!:. riRfcJn* in ; it mav 

XI •• .N. K » » X .' .. ■ .: ^ ^\ « "'ui; liti^ f.hf aiVtTTh-Cap. OF 

^ ^ - ■ >s ■ V »» t xr-x '^.* *t*r. snJcr i:iisk of the 
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WhaQ the fruit consists of one > 
is said to be apoc-arpotis : examptef 
the Raspberry, where the individual o 
the Star- Anise (Fig. 340). The individual 
fruits may be developed in veiy different 
ways ; they may be dehiscent or indehia- 
cent, dry or succulent. 

When the fruit consists of a single poly- 
meroDS ovary, it is said to be syncarpous. 
When the carpels of such a fruit separate 
aepticidally during the procesa of ripening, 
so that it altimately appears as if a number 
of distinct fruits were present, it is termed "'"' » •"' 
a sehizoairp : it may thns split into only 
two distinct fruits, as in the UmbelliferaB (Fig. 341); or, as in the 
Geraniacete and many Malvacete, into several distinct fmit-s : each 
of them ia termed a coccus or mericarp; the individual coccas 
is generally indehiscent (dehiscent in most Euphorbiace^). 

In various mnlti'ocnlar ovaries only one loculns becomes fnlly 
developed and bears seeds, aa in Valerian, » 
the Coco-Nut, and the Oak ; the others 
are abortive. It sometimes happens in 
cultivated plants that the fruit becomes 
perfently formed without any development 
of seed, as in a particular seedless variety 
of Grape, the Banana, the Pine-Apple, 
etc. 

In all ti'ue fruits- the wall of the ovary 
forma the pericaTp or rind. In some moi-e 
or lesa snccolent fruits, the pericarp con- 
aists of three distinct layers ; the external 
layer is the epicarp, the middle the meso- 
carp, and the innermost the endocarp. 

The falloning varietiea of true fruits have b^en 
distingulslied b; the character of the perLiMLrp, 
wLether it is dry or Bucculent. liard or soft, — aod by 
the dehiscence or indebiscence of tha pericarp. 

A, Dry Frdits. The pericarp is woody or coii- 
aceous; when ripe, the aap has usually disappearel 
from all the oelU. 

I. Dry IndthitceM Friiil'. The pericarp .loes not 
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Fio . SU,~DU|rmmmat«c tections of dehiscent 
iruttiWu^nr n»{wu)««. A Septici«lAl, B 1«vali« 
rul*., dcUi«o«nc« ; C loculicidal septifrmgal 



(3) Tlie -^Tom ca-pmU, e g. the Poppy (Fig. 342 V), sheds its seeds through 
small lioles arising from the removal of small portions of the wall in certain 
ppots. 

B. Succulent Fbuits. In these the pericarp is usually differentiated into 

layers, and some portiou of it re- 
tains its sap until it is ripe, and 
usaally becomes fleshy at that 
btage ; it is indehiscent. 

(1) The drupe (Fig. 344), is su- 
perior and mouomerous, e,g. the 
Plum, Cherry ; or syncarpous, e.g. 
A y. ^ ^ the Wahiut and Coco-Nut. The 

f ^V^ ''"'^ti f \s. ^^ ik most internal layer, the endocarp, 

III ■ ^^f \ ^ ^^T ^"^^^ »"d solerenchymatous 

^ ' ' ^ » I (Fig. 344 «); it is commonly known 

as the itont in Plums, Peaclies, 
etc., and encloses the seed until 
germination : the mesocarp is 
generally succulent, and the epi- 
earp is a delicate membrane : when 
the fruit consists of several drupes, 
thrv a'<^ oi^mmonl^r timn^sl ^rnffU i/,<v. Raspberry i. 

v^^^ Th<^ X^<Tr^ (h«i«v4) : th^ ^n«U>carp is soft and juicy as weU as the mesocarp, 
^> thAt \\\^ MHvi^ an^ imbi^i^^i in the i^ericarp : there may be one seed only, as 
iu ti.t' 0*tr ; «vr uiAuy. a,< in the Gounl, Currant and Grape: the fruit may have 
«M\r UvaU;>« a» in tUn^ ^tmjx^ am) the G.-turd, or several loculi, as in the Orange ; 

and fnrth«r. ii may be superior, as in the Grape, 
Onu".^. and Lemon; or inferior, as io the Cur- 
ixni. th« Gv>MieherrT, and the Gooid. 



When tbe frait is apocarpoas and 
<v^:^s:sT* t>f manj achenes, dmpels, or 
f.^.iv"*!*^ it is tor5n€»d an eiterto; for in- 
s:*:k\\ the friit of the Battercnp, the 
K>>=c. AT^; lihe Sirawberrr is an etaerio 
nV aX^i Ti^ : i^rai *>f tiie Raspberry and 
rv 1\ *.*v>frrT is asi eumo of dm pels; 
:^^: ^^: ;>^i^ T*:>^i^Tti» and of the Ma^- 
T:. ' >A s AT, ^rjirt:^."* of f<>!!iHes. 

Tw ;-Ttr.>v...or. 4«K««eE a ^rneajpons and an 
t wv ^^ v^ ^-&:i oiut W T«aal> traced in the 
V».^<^v^. 'v»TT. u^ Jk<^3f&ial capsaole of the 
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Tbe Angiosperms are subdivided as follows: — 

Class IX. MoNOCOTYLEDONES : the embryo has usually a single 
terminal cotyledon, and the growing-point of the primary stem is 
developed laterally : the lipe seed usually contains abundant endo- 
sperm : the vascular bundles of the stem are closed : the leaves 
commonly have parallel venation: the flower belongs usually to 
the pentacyclic trimerous type. 

Class X. DicoTrLEDONES : the embryo has usually two opposite 
cotyledons, and the growing-point of the primary stem is de- 
veloped terminally : the ripe seed is commonly exalbuminons : 
the yascular bundles of the stem are usually open : the leaves 
commonly have reticulate venation : the structure of the flower 
varies, but it frequently belongs to the pentacyclic pentamei-ous 
type, 



Class IX.— MONOCOTYLEDONES. 

Although the seed typically contains endosperm, it contain; 
none in certain orders; namely, the Orchidaceee, most aquatic 
Monocotyledons (Alismales, Hydrocharidaceee), and in some genera 
of Ai'aceee (Orontium, Symplocarpus, Scindapsus, Monstera, 
Amorphophallus). In the Scitamineae perisperm is always 
present in the seed, either together with endosperm (Zingi- 
beraceee), or without endosperm (Musaceee, Marantaceae). In the 
albuminous seeds, the embryo is usually small in proportion to 
the endosperm (Fig. 345 I, e, o). 

Whilst the single cotyledon of the embryo is, as a rule, terminal 
and the growing-point of the stem lateral, in some forms the 
growing-point of the stem is terminal (apical) on the longitudinal 
axis of the embryo (Dioscoreaceae, Commelynacese, see p. 445). 
The growing-point of the primary stem frequently developes into 
a plumule. The axis of the embryo terminates posteriorly in a 
short radicle. 

On germination, the upper end of the cotyledon commonly 
remains in the seed and absorbs the nutritious substances de- 
posited in the endosperm (Fig. 345 II -IV.) ; the lower part of the 
cotyledon elongates and pushes the rest of the embryo out of tli? 
seed. In Grasses the cotyledon has a peculiar shield-like form, and 
is termed the scutellwrn (Fig. 846 sc) : in the ripe seed it almost 
entiiely encloses the embryo, and is in contact by its outer surface 
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exfernal layer of the 
cortex (seep. 154) 
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The stem of Monoratyledona is traversed longit.uilinally (Fig. 
132, p. 172) by scattered closed rascalar bandies (Fig. 137) ; it 
has therefore no growth in thickness by the means of cambinm. 
In a few genera only, as Yucca and Di-a«»na, it grows aubae- 
quentlj in thickness by the formation of nieristem in the pencycle 
from which additional closed vaacolar bundles are developed (see 
p. 205, and Fig. 154). 

The axis of the embryo in many cases continues to be the mam 
axis of the plant; at first it is thin and weak, and since no 




secondnry growth in thickness of the stem takes place, and since 
the sncceKfiivc portions of the stem are thicker and more vigorous, 
the whole stem gradually assumes the appearance of an inverted 
cone; but wbsn the plant has reached a certain height it may 
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the Valley {Convallaria majalis), they describe a curve which is 
more or less parallel to the margin ; the weaker veins usually run 
at right angles between the stronger ones. In the ScitarainesB 
and a few other plants, a number of parallel transverse veins are 
given off at various angles (sometimes acute, and sometimes nearly 
right angles) from the midrib. Reticulate venation of the leaves 
is unusual ; but it occurs in Ai'oids, in Paris quadrifolia^ etc. (see 
p. 56). 

The flower of Monocotyledons consists typically of five alternat- 
ing and isomeroas whorls, two belonging to the perianth, two to 
the androecium and one to the gynsBcenm. Thus the typical 
formula is JS^n, Cn, i4n + n, Qn, where n in most cases = 3, more 
rarely = 2, 4 or 5. 

Lateral flowers have a posterior prophyllum ; hence the first 
perianth-leaf is anterior. The perianth-leaves are generally all 
much alike, and petaloid in both series : sometimes they are all 
sepaloid (e.g. Juncacese) ; more rarely those of the external whorl 
are sepaloid, those of the internal petaloid (e.y. Commelynacese, 
Alismaceee). 

This typo is most closely adhered to in the Liliaceae. The simplest 
departure from it is exhibited in the suppression of the inner 
whorl of stamens in the Iridaceee, and in the inferior position of 
the ovary. This latter character occurs also in the ScitamineaB 
and OrchidaceoB, which are further characterized by the zygomoi*- 
phism of their flowers and the considerable reduction of the 
andrcBcium. Other various and considerable deviations by re- 
duction from the Liliaceous type of flower occur among the 
Araccee, and in the Glumales, and Typhacese, and in certain water- 
plants {e.g. Naiadacea), Leranaceae). On the other hand, the 
deviation may be due to increase in number, more especially of the 
members of the gyncBceura and to some extent of the androecium 
{e.g. Alismaceee). 
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Sub-Class I. SPADICIFLORiE. 



Inflorescence usually a spadix wifch a spathe, but flower some- 
times solitary: flowers frequently monosporangiate, sometimes 
dioecious : perianth, often wanting, never petaloid : anthers usu- 
ally extrorse, or dehiscing by pores : ovary superior. 

Cohort 1. Arales. The flowers are small and numerous; the 
inflorescence a spadix or a panicle with thick branches, commonly 
enclosed in a greatly developed spathe; the bracts of the indi- 
vidual flowers are frequently wanting ; perianth 0, or polyphyl- 
lous ; the flowers are usually diclinous, but both kinds of flowers 
frequently occur in the same inflorescence : gynsBceum apocarpous 
or syncarpous : the seeds have a large endosperm : the embryo is 
sti*aight and minute. 

Order 1. Arace^. Flowers monoecious or J : perianth or of 
4-6 leaves : stamens 1-8, frequently coherent into a synandrium 
in the (J flowers '. ovary monomerous, or 
polymerous and multilocular : fruit a berry : 
seed sometimes exalbuminous. Mostly tro- 
pical. 

In many of the genera the flowers are 
complete and conform to the monocotyle- 
donoas type, Kn, Cn, An + n O ("), where 

n may stand for 2, or 3, 

as in Acorus (Fig. 348), 

in which the flowers 

are exactly typical. In 

other genera, however, 

the flowers are reduced 

in various ways and de- 
grees ; not only does 

the perianth disappear, 

but the number of the 

stamens and carpels is 

frequently diminished. 

In many ? flowers 

staminodia are present, 
either in the typical or in a smaller number, 
offered by thx)se diclinous flowers of which the (J consists of only 
a single stamen (e,g, Arisarum), and the ? of only one monomerous 




Fio. 348.— Flower of 
Acorus Calamtu (mag.) : 
a outer, i tnner peri- 
anth : st stamens ; / 
ovary. 



Via. 349.— Spadix of Arum 
muculatum (nat. size) : / 
macrosporangiate, amicro- 
sporangiate, and b rudi- 
mentary flowers; c the up- 
per club-shaped end of the 
spadix. 

An extreme case is 
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ovarjr. These much redaced flowers are disposed in regular 
order on the spadix : thus in Arum (Fig. 349) the numerous 9 
flowers, consisting each of one carpel (Fig. 349/), are inserted on 
tlie base of the spadix ; and the (J flowers, each consisting merely 
of 3-4 stamens, are closely packed higher up on it (Fig. 349 a). 
The upper part of the spadix is covered with rudimentary flowers 
(by c). When, as in this case, the perianth of the true flowers is 
wholly wanting, the whole inflorescence may assume the aspect 
of a single flower ; but irrespectively of the numerous intermediate 
forms which are to be found, such a view is untenable when it is 
borne in mind that here the ovaries are invariably situated below 
the stamens, while in a flower they are invariably above them. 

The usually sympodial stem may be underground, a tuber, or a 
rhizome, or it may be aerial ; in the latter case it often climbs, 
clinging to trees by means of aerial roots. The leaves are either 
alternate and distichous or, more often, spii*al with a divergence 
of J. They are rarely narrow, linear, or ensiform, and commonly 
consist of leaf- base, petiole, and blade ; the venation is reticulate, 
and the leaf often exhibits a more or less complicated segmenta- 
tion. Laticiferous sacs or cells (see p. 141) occur in some families 
of the order, as do also sclerotic cells (see p. 133). 

Fam. 1. Pothoidea : without either laticiferoas or sclerotic cells: flowers 
usually ^ , with or without a perianth. This lamiiy inclades a number o| 
genera, such as Pothos, Antharium, Acorus. The only member which occurs in 
Britain is Acorut Calamw, the Sweet Flag, which grows on the margios of 
ponds and rivers: its sabterranean rhizome bears long ensiform alternate 
leaves, crimped at the edges; its flowering-shoot is triquetrous, bearing a 
terminal spadix which is, however, displaced to one side by the spathe which 
developes so as to form a continuation of the long axis of the flowering-shoot : 
the spadix is densely covered with flowers (Fig. 348). 

Fam. 2. Monsteroideat : withoat laticiferous cells, but with sclerotic cells : 
flowers ^ , mostly without a perianth. Monttera delicioMa (sometimes called 
Philodendron perluium), with perforated leaves, is commonly cultivated in hot- 
houses : it comes from Mexico. Scindapsus. 

Fam. 3. Call idra : with straight rows of laticiferous cells: flowers usually 
^ , with or without a perianth : leaves never sagittate. No member is indi- 
genous in Britain : Calla palustri's occurs in the marshes of Northern Enrope ; 
it has a white spathe and parallel-veined leaves. Symploearpns. Orontium. 

Fam. 4. Lasioidete : with straight rows of laticiferous cells : flowers mono- 
or ambi-sporanginte, mostly without a perianth: leaves sagittate, often 
svpmcnted. This family includes a number of typical genera, of which Amor- 
pl.ophallus is the most conspicuous. 

Fam. 5. Philodendrvidea : with straight rows of laticiferous cells: flowers 
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diolinooa, without « perianth : Htsmens aBii&n7 connate ; leaveii generally 
parallel-veined. ZnnUdttchia {Galla or Iticliardia) athiopica, with a vLite 
ipathe, is oommonl; (mitigated under the name of the Trumpet Lily. 

7am.fi. Colacasioideit : with a net-work of laticiferuas ve)<eela: flowers 
dioUnouB, mostly withnut a perianth ; stamens coniiftte : lenvpsnith retioolnle 
venation. The gi'nera Alocnsis, Colocasia, and CaUdium, are commouly culti- 
vated as foliage- plan la. 

Fam. 7. Aruidtai ; with straight rows o( latieiferous OelU : flowers dirlinoiiB ; 
QBoally without perianth. Arum macalalum, the Cucko i-pint or Lorda and 
Ladies, is a British plant, common in wood and lieilges ; the large e'een apathe 
compleleljt envelopes the spodii (Fig. 349). Dracunculus and Arisariim are 
also European genera. 

Fam. B. Piiiioidea: no latioiferoua tissue; flowers diclinous, without 
perianth : microsporangiate Qoners numerous and whorted. macroaporangiate 
flower single, on the spadii. 

Pittia SlratioUi, a tropical water-plant, is oharacterized hy having the flowers 
on ihe Bpadii reduced to two, one ^ flower, and one 8 flower connisting of a 
aingle carpel : the apadic and spathe are adherent. It appears highly pro- 
bable that the Lemnacen. mentioned hetow, are in 
tact very simple forma ot this family. 

Order 2. Lbunaces. Stem leafle^^a. 
Each inflorescence consisteof two J flowers 
and one ? flower borne on a lateral branch 
of the stem : the ,$ flowera consist of a 
single stamen, and the ^ flower of one 
carpel. 

Lemna Iriiuica, L. (SpiroMa) polyrliha, minor 
and gihbo, are known aa Duck-weed ; they are 
common in tanks and ponds, floating on the water. 
The stem, which is leafless, is almost flat, re- 
sembliug a thalliis: it bears two rows of branches 
(Fig. S50),*a alau roots on its under aarfoce which at 
Roots are, however, absent in Wutjjia arrhiza, whic> 
Ijundlen ; its flower has no spathe. and it beara on 
is the smallest known flowering plant. 

Orders. Pandanace*. Flowers dioecious, perianth 0: the ? 
flower Bometiraea consists of a single carpel ; or of several curpels 
forming a maltilocnlar (species of Pandanus) ovary, each locnlns 
containing a singple ovale; or of several carpels forming a ani- 
locnlar ("Freycinetia) ovary with numerous parietal ovules; they 
Hi'e closely crowded on the spadix, which becomesaapnrious fruit: 
tiie (J flower has numerous stamens; in the genus t'l'ejcinetia, 
each flower usually hivs rndiments of the missing reproductive 
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Pandanut utiliif the Screw-Pine, and other species, form thickets in the 
tropicH, particularly on the banks of rivers. The straight woody stems, which 
HiihHtMiuently branch, give off numerons strong adventitious roots which attach 
th(*m to the soil, and bear crowns of large narrow linear leaves, the margins 
of which are frequently set with sharp spinous teeth. The tough vascular 
bundles are UBed for tlie manufacture of fabrics. The genus Freycinetia in- 
ch ides a number of shrubs, some of which climb. Tropics of Australasia, and 
the Malay Archipelago. 

C)rdt>r 4. Cyclaxthacej:. Plants of a palm-like habit in Southern 
and Centi'al America ; the diclinous flowers, which usually have a 
porinnth, are disposed on the spadix in regular spirals : ovules 
nmny, pariet^^il. 

Thtt liMives of Catludoviea palmata are applied to various purposes, e,g, 
Panama hats are woven of them. 

Onlor5. TYriiACEJE. Flowers monoecions ; the perianth repre- 
sontod only by scales, or 0. Stamens usually 3. Ovary usually 
nu>nomonnis, containing one ovule. Inflorescence a spadix, with- 
out A spat ho, elongated or compact. 

lu S^Mirganium, the Bur-lieed, the inflorescences are spherical spikes which 
ar« bi^rne i«>nuinally and laterally in two rows on the upper pari of the stem. 
Tho lower spikes bt^ar only 9 , and the upper only ^ flowers ; the perianth 
ivnsists of 3-6 seides ; stamens 3-8, free ; gynaMeom sometimes dimerous with 
an ovule iu ea«h loeulus, Sparganimm timpUx and rsaiofiu» lie not imre in 
ditohiHU. 

T\ pha. Ihf» Ue«d<Mace v^r Bulrush, bears its fl<>wersoii along *«rw»«"*l spadix; 
the S fl^^w^n) are borne din^tly on the opper and thinner portion of the main 
aii:»; on the lower and thicker portion are borne the 9 flowers, partlr on 
the n\ain axis and i^artlv on Terj short lateral shoots ; tlw perianth is replaced 
b\ lou^ bair« ; stamens 1--5. monadelphoos. Tjfpkm mafmtiifciim and Imttfolia 
KKvur m Kv^ and wet pU^vj^ 

Cohort 2. Palmales. Order 1. PjlUUCE^ The dicedous or 
luv^UiVvnous;, rart^ly luonwliuous or polyg^iimoas;, flowers are inserted, 
with or without braotc>^ on the $pa«lix or on the thick axis of a 
spioiito or |»ii«iouUre ittdorvsceuce ^Fisr. 351): thej generallj con- 
tVriu to tho tv JH* KiK C*ix Jo -r 3» If - : in some instances a larger 
i>r a 2^ui;*Uer uuiuWr of :s^caQieQ:$ are present : antbers sometimes 
i«ttvi"st* : i*«ArivIs iiAr^'lv f-v.>re or les;^ thdiaix either free orcoDnate ; 
wlton th^ ijYu^wuui IS axvvArtK'iis* the orarr is anilocitlar ; when 
5i\ iu\ivivu5k t:he OY^rv b** :rvm oae to three localL Each locolns 
vviUiiu».>i^ ^Yivioaliv, :» siy^rle ba^al OY-nle*; bat in trtittero«a 
t^Yo oi nae ovale* air^ ic^uerallv aborcive : freqoumtlj aot 
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than one of the carpels (whether the gynsBceum be apocarpoas or 
syncarpous) developes into the fruit : the fruit is generally bac- 
cate or drupaceous, one-seeded : the seed is large, and the contained 
endosperm is horny. 

Their mode of growth is somewhat various. Most palms bear 
their leaves closely arranged in a crown at the top of a tall or of 
a quite short stem, which is clothed for some distance below its 
apex with the remains of the older withered leaves. But in some 
genera, e.g. Calamus, the stems creep or climb and the leaves are 
inserted at some distance from each other. The blade of the 
leaf commonly splits in the course of its growth, assuming a com- 
pound palmate or pinnate form (see p. 54). The inflorescence 
is invested by bracts : there is usually a large bract (spathe) which 
envelopes the whole inflorescence when young, 
and other, inner, bracts which either partially 
invest it or (when branched) its branches. 

Palms chiefly inhabit the tropics, pai'ticu- 
larly the Moluccas, Brazil, and the region of 
the Orinoco, and the different genera belong 
exclusively (at least originally) either to the 
Old or to the New World. 

Fam. 1. CoryphincB : the gynaeceura consists of three 
free, or but slightly coherent, carpels : fruits 1-3, bac- 
cate : the leaf-segments are concave above. Phesnix 
dactylifera (the Date Palm) a native of Asia and Africa, 
has pinnatifid leaves. Of the three ovaries, one only 
developes to form the fruit which is known as the Date ; 
the stone of the Date consists of a very thin testa en- 
closing the large mass of hard endosperm in which the 
embryo is imbedded. Chamarops humilis is a frequently 
cultivated ornamental plant, with fan-like leaves, which 
belongs to the Mediterranean region. 

Fam. 2. Borassince : ovary syncarpous, trilocular at its base : fruit 1-3 
seeded, smooth, drupaceous, with hard endooarp : leaves fan-shaped, the seg- 
ments concave above. To this family belong Hyphcune thebaica, the Doum 
Palm of Egypt ; and Borassus Jlabelliformis, the Palmyra of India and Africa. 

Fam. 1. Lepidocaryina : ovary syncarpous, trilocular : fruit covered with 
scales, enclosing a single seed : leaf-segments convex above. 

Mauritia is an American genus. Eaphia, an African genus, but occurring 
in America, is one of the few instances in which a genus of Palms is repre- 
sented in both the New and the Old Worlds : from its leaves " Raphia-bast " 
is obtained ; R. vinifera is the Bamboo Palm from which Palm-wine is made in 
Africa. Metroxylon (Eu-Sagus) Rumphii and lave, growing in the Moluccas, 
are the plants from which Sago is obtained ; it consists of the starch-grains 




Fig. 351.— Part of the 
panicle of macrosporau- 
giato flowers of Chamse- 
dorea : n the thick axis ; a 
the external ; and p the 
internal whorl of the 
perianth j / ovary ( x 3) . 
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obtained from (he parencb;nia of tbe trunk. The stems ol Bpecies of Calama^, 
in the East Indies, supply Malacca -oane. 

Fam, 4. Ceroxylina : ovaiy Bjncarpons, uni- or tri-loenlar ; frnit a berry 
(Bometimcs 3 bernea by separatioQ of the oarpele after fertilisation) or a diupe, 
1-3 seeded : leaves pinnate. 

Areca Catechu (Fig. 352 J) ia the Betel-Palm of tropical Asia. Coco$ nuci/tra 
(the Coco-nat Palm) has, as is well knovn, many oses). The fruit itself is a 
gigantic drapaoeons fruit ; the meBocarp ia traveraed by an immense nnmber of 
Tasoular bundles, irbich are used to make lopes, etc. Inside tbe exceeaively 
hard ionennoat layer of the pericarp, the endocarp, lies a single large seed. 
When tbe fruit is matuie, the endosperm forms a layer oaly a fev millimetres 
in thickness, which lines the hard shell; the rest of the apace (the remaioinij 
cavity of the emhryo-sai:) is filled with flnid, koowu as coco-nut milk. Tbe 
embryo, nbioh is small, is imbedded in the firm tissue of the endosperm, under 





A Part of the EaaCTDsporangiate infloresc 
B BlngLe maoroiporariglate flowsr; C tiro carpels; 
Catechu: one balfoT the flbroiu pericarp has been retooved. 

the spot where there is a hole (carreapondicg in position to the style of the 
single fertile loculus of the ovary) iu the endocarp, Elait gaineeniU is the 
Oil Palm of West Africa ; the mesooarp of the plum-like fruit yields the oil. 

Fam. 5. PhyittephantUia : flowers ditecious (PbytelepUas) or moncBCious 
(Nipa) ; in tbe former genus, the 9 flowers have numerous staminodes ; in tbe 
latter the two kinds of flowers are respectively confined to distinct branches of 
the same apadix, tbe staminate branches being lateral and amentoid, whilst tbe 
oarpellary flowers form a cluster at the apei of the main axis : stamens 
numerous and free (Phytelephas), or three connate (Mips) : perianth sometimes 
absent ( f flowers of Nipa) : ovary syncarpous, tri-carpeilary, one-seeded (Nipa), 
or of 4-9 carpels (Phytelephas) with as many seeds. 

These are low-growing-Palma, Nipa belonging to the East Indies, and 
Phytelephas to tropical America : the bard endosperm of Phytelephas ia known 
as vegetable ivory. 
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Sub- Class II.— GLUMIFLOR^. 

Flowers ambisporangiate or monosporangiafce and then mostly 
monoecioas, usnally in heads or spikelets invested by imbricate 
bracts : perianth absent, or scaly : ovary superior, uni- or multi- 
localar, with one ovnle in the locnlus : seeds with endosperm. 

Cohort 1. Glumales. Ovary unilocular ; ovule erect. 

Order 1. Graminaceje. True Grasses. The leaves are alternate 
on the stem, which is known as the haulm ; the embryo lies on the 
side of the endosperm (Figs. 346-7). The usually ambisporangiate 
flowers generally have the formula XO, CO, AS + 0, 01 ; they are 
enclosed by bracts here termed paleoe, and are arranged in compli- 
cated inflorescences ; the monomerous unilocular ovary contains 
only one ovule ; the grain is the fruit, a caryopsis, to which one 
(the inferior) or, less commonly, both, of the palesa sometimes 
adhere, e,g. Barley and Oats. 

The flower is sessile in the 
axil of a bract, which is 
termed the inferior or outer 
palea, sometimes also called 
the flowering-glume (Fig. 355 
hiyh2...)y B,nd there is also a 

bracteole opposite to and f,g. 353. — Diagrams of Grass- flowers. A 

somewhat higher than this Bambusa. B Common type of Gramiuaeeae. 
, . , . . J 1 . Iq il there are three, in B two lodicules. 

which 18 termed the superior 

or inner palea (Fig. 355 ps). The two paleoB completely enclose 

the flower. 

Within the inferior palea are usually two small (antero-lateral) 
scales, the lodicules (sometimes only a single anterior one, 
Melica), and occasionally (e.g, Stipa, some Bambuseee Fig. 353 A), 
there is a third scale situated posteriorly within the superior 
palea. These lodicules are frequently regarded as rudimentary 
perianth-leaves (Fig. 353), but it is more probable that they 
are bracteoles, the two antero-lateral lodicules representing the 
two halves of a single bracteole, present, as such, in Melica. 
They grow and become succulent at the time of flowering, thus 
forcing apart the paleee and the glumes (Fig. 354). Usually two 
or more flowers, thus enclosed by palesB, are present on an axis 
(Fig. 355 «), and constitute the spikelet of the Grass, and beneath 
the lowest flower there are usually two (or more) bracts which 
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bear no flowera in their astis and are known as the glumee (Fig. 
355 g). Tlins a spikelet consists of a main axis bearing two rows 
of bracts of which the two first and lowest are barren, while the 



succeeding ones bear each a flower in 
flower there is also a bracteole fsuperii 
floral branch itself. The inferior pales 
apex or else borne on the midrib, 
ariita or awn (Fig. 355 yr). 

The number of flowers in each spikelet varies, however, according 
to the genna ; often there is but one, the lowest, with mdiments of 
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others above it; if, however, only one of the npper flowers is de- 
veloped, then the lower paless bear no flowers in their axils and 
are regarded as gliimea, several being therefore present in such a 
case. The spikeiets themselves are in many genera, e.g. Rye and 
Wheat (Fig. 356 B), arranged in two rows on a main axis ; the 
inflorescence may then be designated a coraponnd spike (see p. 
491); in most of the other genera the main axis of the inflor- 
escence bears lateral branches which are slender, of various length, 
and often branched again, and which bear the terminal spikelets ; 
in this way a panicle is formed, as in the Oat (Fig. 356 A). This 
may be either loose and spreading, with long lateral branches, or 
compressed, with very short branches, e.g. Alopecuras, The 
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position of the branches of the panicle is more or less bilateral ; 
dorsiventral, when {e.g. Festuca) the branchlets of the main 
branches of the panicle all arise on the same side (unilateral or 
secund panicle). 

The androeciam consists commonly of one (Fig. 353 B) or two 
(A) whorls of 2-3 stamens ; when there is but one whorl of 
stamens, it corresponds to the outer whorl in those flowers in 
which tWo whorls are present. Sometimes (e.g. Luziola, Ochlandra, 
Pariana) the stamens are numerous (about 18-20), or there maj 
be but one or two. When there are normally only two stamens, 
they are usually situated in the median plane (e.g. Anthoxanthum), 
sometimes in the lateral plane (e.g. Coleanthus); but where this 
is the result of suppression (Diarrhena, Orthoclada) they are 
postero-lateral, the anterior stamen being suppressed ; when there 
is only a single stamen, this is generally the anterior stamen (e.g. 
species of Festuca and Andropogon), the two postero-lateral 
stamens being suppressed. 

The monomerous gyneeceum consists of a single median carpel 
(Fig. 353), bearing 1-3 styles (see p. 524) : the single, somewhat 
campy lotropous ovule is sessile on the ventral suture of the carpel. 

The stem is generally characterised by swollen or tumid nodes, 
to which the sheathing leaf- bases contribute. . The long interned es 
are hollow : the sheathing leaf- bases are largely developed, and 
frequently extend over several internodes. A membranous ligule 
is developed at the junction of leaf- base and lamina (see p. 48 ; 
Fig. 28). 



The more common Grasses are classified as follows : — 

Series A, Pamicoide£ : spikelet one-flowered, or sometimes two-flowered 
and then the lower flower is imperfect ; articulated so that it falls off entire 
after flowering ; no prolongation of the axis beyond the flower. 

Tribe 1. Panicea : spikelets dorsally compressed, in compound spikes : 
glomes 3, of which the lowest is the smallest : inferior palea without an awn. 

Panicum glahrum (Digitaria humifusa), P. {Echiiiochloa) Crus-galli^ and P. 
(Setaria) viride occur occasionally on cultivated land. P. miliaceum yields 
Millet. 

Tribe 2. Maydea : the diclinous flowers are in distinct spikelets ; the two 
kinds of spikelets usually form distinct inflorescences, but sometimes they occur 
in different parts of the same inflorescence : the lowest glume is the largest. 

Zea MaUy the Maize Plant, cultivated in warm countries, is a native of 
Tropical America : the ^ spikelets form a loose panicle at the apex of the 
haulm, and the 9 flowers are borne laterally on a thick spadix, which is en- 
sheathed by leaves. Coix belongs to this tribe. 



r)48 
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Tribe 8. Andropogonea : flowers monopcioos or polygamons : glomes 3, of 
wbicli the lowest is the largest. 

Saceharum Officinarum^ the Sugar-cane, is a native of the East Indies. 
Andropogon Sorghum^ in different varieties (vulgarit, Durra, etc.), yields a kind 
of Millet seed : the flour of this is known in Arabia and India as Durra. 

Tribe 4. Oryzea : spikes laterally compressed : glumes 2-4, often represented 
only by bristles: stamens generally 6. Oryza tativa is the Bice-plant, from 
the East Indies ; cultivated in marshy regions of Southern Europe. Leertia 
oryzoidesy the Cut-Grass, is found in ditches in the South of England* 

Series B. Pooidbje : spikelet one- or many-flowered, with distinct intemodes 
between the flowers : when one-flowered, the axis of the spikelet is prolonged 

beyond the flower : the ripe fruits 
fall, leaving the glumes behind. 

Tribe 5. Phalaridea: spike- 
lets pedicillate in panicles, later- 
ally compressed, 1 - flowered : 
glumes 4, the inner pair bein^ 
smaller. Phalarin arundinaeea, 
the Beed-Orass, is common on 
the banks of streams, etc. : a 
variety with white-streaked leaves 
is cultivated in gardens. Anthox- 
anfhiim odoratum, Vernal-Grass, 
which has only two stamens and 
a paniculate inflorescence, is 
common in meadows : it gives 
the peculiar odour to fresh hay. 
Tribe 6. Agrottidea: spike- 
lets 1-flowered, in panicles: 
glumes 2. 

In Agrostis, the Bent-Grass, 
the axis of the spikelet is gla- 
brous, or it bears short hairs ; A^ 
vulgarit and alba are common in 
meadows : Apera Spica Venti is 
common in fields : in Calama- 
grostis, the Small Beed, several 
species of which occur on the 




Fig. 366. — A Panicle of Oat, Avena tativa : s main 
axil ; »' lateral axes ; a spikelet (^ nat. size). B 
Bpike of Wheat: s axis; y the depressions in 
which the spikelets (a) lie. These are removed 
at the lower part. 



banks of rivers and in woods, the 
axis of the spikelet is covered with long hairs. Stipa pennata, the Feather- 
Grass, has a long hairy awn. Milium effnsum^ Millet-Grass, without an awn, 
is common in woods. Amongst the forms with dense cylindrical panicles, 
Alopecurus, the Fox-tail Grass, has the glumes coherent at the base, and one 
rudimentary palea. Phleum, the Cat*s-tail Grass, has free glumes and two 
distinct paleae. Phleum pratente is commonly known as Timothy-Grass. 

Tribe 7. Avene<e : the paniculate, or rarely spicate, spikelets consist of several 
(usually two) flowers one of which is sometimes ^ ; the glumes (or one of them 
at least) are as long as the whole spikelet, longer than the inferior palesB, which 
usually have a long twisted or bent awn. 
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Avena, the Oat-Grass, has loose panicles, and a two-toothed inferior palea ; of 
this genus there are many species ; A, fatua. (Wild Oats, or Havers), ^jratewgi* 
and pubeseensy are common in cornfields and meadows. The following species 
are cultivated: A, satioa^ihe Oat (Fig. 356 ^), with its panicles in various 
planes ; A, orientaLU, with its panicles in one plane; A. gtrigomy with a hairy 
floral axis; and A. nuda, the spikelets of which usually consist of three flowers. 
Trisetum (Avena) Jlavesceng, the yellow Oat-Grass, with a free fruit, occurs in 
pastures. Aira {Deschampsia) cmspitota^ B.nd Jlexuosa, Hair-Grasses, have truncate 
inferior paleae, and are common in meadows and woods. Holcus, the Honey- 
Grass, has spikelets consisting of two flowers, the upper of which is usually ^ , 
and the leaf-sheaths are covered with silky hairs ; it is common in damp meadows. 
In Arrhenatherum, the False Oat-Grass, the lower of the two flowers is ^ , 

Tribe 8. Festucea : the spikelets are usually many-flowered, and the glumes 
shorter than the inferior palese which either have no awn or a straight terminal 
awn. Melica, the Melic-Grass, has sometimes spikelets consisting of a single 
flower only : the glumes are long ; it is common in woods. Molinia carulea has 
a very long haulm, consisting for the most part of a single intemode ; its spike- 
lets are in loose purplish panicles ; it occurs on moors. Briza, the Quaking- 
Grass, has spikelets which are compressed laterally and are cordate at the base ; 
it is common in meadows. Koeleria cristata has dense panicles ; it is common 
in dry meadows. Dactylis glomfrafa, the Gock's-foot Grass, has dense panicles 
divided into parts which have longer stalks ; it is common in meadows. Poa 
prateiuisj triviaU8,eto. (Meadow- Grass), are common in meadows; their spikelets 
are compressed laterally ; the glumes have a sharp keel ; P. annua is common 
by the roadside. Other Meadow- Grasses are Glyceria aquatic i and Jluitans, 
with obtuse unequal glumes, and a lower palea with 5-7 prominent parallel 
veins, growing in ditches ; and Schlerojhloa inaritiinay dittans, etc., growing in 
salt-marshes and by the sea-shore, with acute unequal glumes. In all the 
Meadow-Orasses, the fruit is free from the paleas. Festuca elatiorj and others, the 
Fescue Grasses, are common in meadows. Bromus, the Brome-Grass, of which 
there are several species, is common in fields (JB. secalinu*), in meadows (B. 
racemonix and others), by the roadside {B, sterilis a,nd. mollis). Brachypodium, 
with shortly-stalked spikelets in a simple raceme, and unequal glumes, is common 
in woods (B, sylva'icum) and on he&ihs {B.pinnatum). In Phragmites the 
axis of the spikelet is covered with long silky hairs ; Phragmites communis^ the 
Beed, occurs abundantly in marshes. Sesleria carulea, the Moor-Grass, has 
laterally compressed spikelets in dense panicles. Gynerium, the Pampas- 
Grass, also belongs here ; it is dicecious. The upper flowers in the spikelets 
of plants belonging to this tribe are often unisexual, and S ; Phragmites is 
peculiar in tha' the lower flower of the spikelet is S . 

Tribe 9. Chluridece : spike'ets laterally compressed, usually 1-flowered, sessile, 
in compound spikes : glumes 2. Cynodon Dactylon^ the Dog's-tooth Grass, is 
often abundant on waste ground. Spartina stricta occurs in salt-marshes. 

Tribe 10. Hordea : spikelets solitary, or 2 or 3 together, 1- or many-flowered, 
situated in depressions on the main floral axis nearly always in two opposite 
rows, forming the so-called spike: glumes 1-2. In Lolium, the Rye-Grass 
(L. perenne, Darnel, is common everywhere), the posterior surface (that is, the 
middle line of the posterior glume) is directed towards the main axis, and this 
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glume is nsuallj rudiiuentarj. In all the other genera the side of the spikelet 
i» directed towards the main axis, and there are two glumes. In Agopyrum, the 
palea' adhere and fall off with the fruit : A. rep^.n*, the Couch-Grass, is common 
everywhere, and is a troublesome weed on account of its spreading rhizome. 
Secale cereale^ the Bye, has 2- flowered spikelets and narrow awl-shap>ed glames. 
In Nardtu striata, the Mat-Grass, the two rows of spikelets converge laterally ; 
the glumes are rudimentary ; there is but one stigma ; the leaves and haulms 
are rough ; it grows on moors. Triticum, the Wheat, has S- or more flowered 
spikelets, with ovate glumef^. Three species are cultivated, T. monncoccum^ 
T. Hativumj and T. polonicum ; in the first species the terminal spikelet is abortive. 
The following varieties of T. sativum are cultivated ; T. vulgare, the common 
Wheat, with long glumes, which have no keel, and T. tur^tefum, £nglish Wheat, 
with short keeled glumes ; T. compactuvi, the Dwarf Wheat, with short, stout 
spikelets ; and T. durum, the Hard Wheat, known by its long rigid awns ; all 
these varieties have a wiry floral axis (hence sometimes described as T. sativum 
ttti ix), and the fruit easily falls out of the glumes, and in all but '1\ durumiheie 
are awned and un-awned (beardless) forms : T. Spelta, the Spelt, which has an 
almost qua<1rangular spike, and T, dicoccum^ with a compact spike, have a brittle 
floral axis, and the fruit is firmly enclosed by the glumes. In all the species 
the length of the awn varies very much. Hordeum, the Barley, has 3 single- 
flowered spikelets inserted together in one depression on the floral axis. H. 
murinum is common on the roadside and on walls. The following varieties of 
//. sativum are cultivated : H. vulgare and H. hexastichum, with only fertile 
spikelets ; in the latter species the spikelets are all equally distant, and are 
therefore arranged in six rows ; in the former species the median spikelets are 
nearer together, and the lateral ones more distant, so that they are described as 
being in four rows : further, H. distichum is the two-rowed Barley, the lateral 
spikelets of which are ^ , so that the fruits are arranged in two rows. The 
fruit usually adheres to the palea ; the embryo has no epiblast. The genus 
?ilymu8, the Lyme-Grass (E, arenarius^ Britif>h) belongs to this tribe, as also 
Parinna, a tropical genus remarkable for its numerous stamens. 

Tribe 11. Bamhuseic : spikelets 2- or many-flowered, rarely 1-flowered, in 
racemes or ])anicleB, clustered at the nodes of the branches of the inflorescence : 
glumes 2 ur many, becoming larger upwards, but shorter than the nearest palea 
(see Fig. HoH A) : stamens generally 6. Large Grasses, known as Bamboos, 
having perennial aerial shoots with often shortly petiolate leaves, growing mostly 
in the Tropics. The most familiar genera are Arundinaria and Bambasa. 

Oilier 2. CYi'KKACK.t. The leaves are arranged in three rows 
on tlu» stem : perianth 0, or of 8-6 or more bristles or scales : the 
anilraHMiim consists tvpieallj of two trimerous whorls, though one 
whoil (the inner) is absent in some genera: the gynsecenm is 
typieally trimei\>us, though it is sometimes dimerous: ovary 
uniloeular: ovule eivot, anatropous ; the embryo is enclosed in 
the endosperm. 

Tril>^ 1. SiirfhUdftr : flowers ^ ; perianth 0, or of bristles: glomes disti- 
chous : the ixUl car)H>l is anterior. The spikelets are often arranged 80 as to 
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form spikes, panicles, umbels, or capitula : the floner boa the foi'miila 
ff9, C3. AZ + oc 8, a^. 

C;periis, the Galiogale, has many-flowered oompreBsed epikelets vitli 
decidooua bracte or glumes : Schcenus, the Bog-BuEh, has few-flowered (1-1) 
apikelets with persiatent glamea ; C. longus and fuseui, and S. nigrUant, 
occur in England. Cgperus Papgrus (Popi/iua Antiqao'mjii) ia an Egyptian 
species from which the Papyrus of the ansieata was made. 

Scirpas, the Cliib-BuBh, has a bristly perianth, cylindrical spikelets, and the 
glamea are imbricate on all sides ; !□ some species the spikelets are solitary, 
aa in Scirpui caipitoeui, in others there are lateral spikelets, in addition, on 
short Btatka, as in S. lacuitris (the tree Bulruah). or on long stalks, as in S. 
aylvaticui. Eriop/ioruni polyitaebiiim and other species (Cotton -grass) are 




Fie. 3S7.— ^ Flowor of Bcirpiu (mBgnifled) : 
lithe briitly perianth; a (he three slamens; 
/ the oyarj: n the three stigmma. B Iia 
Ronil diagnun. 


stigmi 


3B8.— Flower 
lower with (1 
I br«t (atrh 
^. B i flO' 

1(D) of the ^ 




sand 



spike -, i bract (glome) ; i second bract. 

boggy moors ; the hairs of the perianth, after flowering, grow to a 
considerable length. 

Tribe 2. Caricoidea : spikelets cylindrical ; flowers monosporangiate ; 
perianth 0. 

These plants have diclinous (sometimes direcions) flowers. In the genus 
Carei the ^ Qowers have the formula KO, CO, A3+0, (ID ; the; are situated in 
the axils of bracts (glumes) (Fig. 358 B and Dj and form simple spikes. The $ 
flowers have the formula KO, CO, .40-f 0. 6'ji> or '^i and are not sessile in the 
axils of the glumes {b in Fig, 358 A and C), but a short branch springs from 
the axil of each of these leaves bearing a second brnct {s in the Fig.) and it 
is in the axil of this second bract that the $ flower, wbicb consists of a 
trimerouH, or more rarely, dimerous (in Carex dioica and piiUcaris, etc.) ovary, 
is situated. The second bract increases greatly and invests the fruit (and the 
short brftDob whioh sometimes projects beyond the fruit as a tela), forming the 
■o.Mll*d'tilr(eiiIi» : this Btrnoture has been regarded as a perianth, and termed 
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the perigijnium. In Kobresia (Elyna) the second bract is not tabular, and 
therefore does not completely invest the ovary. In consequence of there being 
a second bract, the odd carpel of the trimerons gynsceum is posterior : when 
the gyneecenm is dimerous, the two carpels are lateral. 

The genus Carex, the Sedge, contains numerous species which grow mostly 
in damp localities ; they have stiff leaves with sharp or saw like edges. Only a 
few of them are dicecious (C dioica, scirpoidea) : in most the ^ and $ in- 
florescences occur on the same axis. In one large section of them the two 
kinds of flowers occur on the same spike which is either ^ at the base and $ 
at the top, or vicf. versa. When this is the case the axis bears either only one 
terminal spike, as in Carex pulicarU and C paucifiora^ or several spikes 
forming a capitulum at the apex, as in C. cyperoidet^ or a spike or a panicle, 
as in C. muricata^ arenaria, and paniculata. In a second section, on the other 
hand, each spike is monosporangiate, and then the ^ spike is almost always 
terminal on the axis and the $ lateral, as in Carex acutaf glauca^ prcecox^ 
dipitata^Jlava, tmd paludofta. 

Cohort 2. Restiales. Ovary nsaally multilocular ; a single 
orthotropoas and suspended ovule in each locnius ; hence in the 
seed the radicle of the embryo is directed away from the hilum 
(enantioblastic) . Flowers monosporangiate, rarely ambisporangiate, 
with bracts : floral formula KS, (73, ^13 + 3, (?(3), but occasionally 
some of the members are wanting. 

Order 1. Eriocaulonace^. Flowers monosporangiate, in 
capitula, often monoecious in the same capitulum, or rarely 
diipcious : stamens generally in two whorls, anthers generally 
bilocular : ovary 2-3-locular : seed ribbed. 

Eriofiaulon septangnlare, the Jointed Pipewort, occurs in the Hebrides and 
on the went coast of Ireland : other genera mostly tropical : generally marsh- 
plants. 

Oi'der 2. Rkstiace.e. Flowers usually dioecious by suppression, 
ill spikes : only the inner whorl of stamens is present, anthers 
jfonorally bilocular: ovary 1-3-locular: seed smooth or tubercu- 
lato. 

These are grass-like sub-tropical plants living in the southern hemisphere. 
This order includes the group CentrolepidacesB (Desvauxiaceie, LindL) ; in these 
the |>eriauth is much reduced, the <^ flower probably has only one stamen, and 
the V ^^11*-^ or more monomerous ovaries. 
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Sub-Class III. PETALOIDE^. 

Flowers ambisporangiate, rarely nionosporangiate ; perianth 
rarely wanting, nsually biseriate, the corolla nsnally petaloid, and 
sometimes the calyx also. 

SERIES I. HYPOGYNiE. 

Ovary superior. 

Sub-seHes, Apocarpce, 

GynBBceum more or less completely apocarpous. 

Cohort 1. Alismales. Marsh- or water-plants ; flowers fre- 
quently monosporangiate ; seeds without endosperm. 

Order 1 . Naiadace J). Perianth 0, or of 2-4 segments ; stamens 
1-4 : ovaries 1-4, with usually a single erect or suspended ovule. 
Water-plants. 

Fam. 1. Naiadea, Flowers monosporangiate. 

In the genias Naias the flowers are solitary or in spikes, and are dioecioui* : 
perianth of one or two gamophyllous series : ^ flowers with 1 stamen, 9 flowers 
with 1 carpel : ovule erect. N, fiexilis is the only British species. 

Fam. 2. Zotferea, Flowers monosporangiate. 

In Zostera, the Grass-wrack, the flowers are monoecious, and without a 
perianth ; they are borne in two rows on one side of a flattened spike ; stamen 
1, carpel 1. Zo§tera marina and nana are the British species living in the 
brackish water of estuaries. Phyllospadix, a North American (west-coast) genus, 
also belongs to this family : it is dioecious. 

Fam. 3. Zanuichelliea. Flowers monosporangiate. 

In Zannichellia, the Horned Pond weed, the monosporangiate flowers are 
i^ionacious, and are solitary or in spikes : i flower, perianth 0, stamen 1 ; $ 
flower, perianth bell-shaped, carpels 4-6. Z,paluntri8 is the only British species. 
Althenia, the other genus, is sometimes dioecious. 

Fam. 4. Cyniodocea. Marine. Flowers monosporangiate, dioecious : perianth 
: ^ flower consists of two connate stamens ; '^ flower of two adjacent mono- 
merons ovaries, each bearing a style which branches into two stigmata ; ovule 
single, suspended, orthotropous. 

To this family belongs the genus Gymodocea (with the sub-genera Phu- 
cagrostis, Physoschoenus, and Amphibolis) ; widely distributed on tropical and 
sub-tropical sea-coasts. 

Fam. 5. Potidoniea. Marine. Flowers monosporangiate, sometimes ^ , in 
cylindrical compound spikes, the upper flowers of which are ^ : perianth : the 
^ flower consists of 3 stamens, the $ flower of a single carpel. 

To this family belongs the single genus Posidonia ; P. oceanica inhabits the 
shores of the Mediterranean. P, au8trali$ the shores of temperate Australia. In 
Zostera, Posidonia, and Cymodocea, the pollen is filiform or confervoid (see p. 520). 

Fam. 6. Potamogetonea, Flowers $ . 
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In Fotamogeton, thn Pondweed, the flowers are in spikes: general formula 
PO. ^2-1-^2, Gxi: the aitrorse stamens have a brood leaf; connective. 
TLis genus is represented in Britain by many species : in some (P. ptailltu) 
the stem bears only submerged leaves whicb are narrow and linear; in others 
the leaves are somewhat broader {F. deniui). and in others again it bears a few. 
broad leaves which float on the water (P. nataia). 

In Bnppia, the Tassel Fondweed, the Dowers are generally two on a spike; 
formula PO, A2, Gi. II. maritima is the British species. 

Fam.T. Aponogetonea. Flowers^.in spibea:perianthof2or3petaloidleaveB: 
general floral tonoula P2-3. j<6. 63, but Bometiines(aBin Jpniioje/ondwtaeAviu) 
there may be six etamens and many carpels : ovules marginal, anatropone, either 
DumerouB. or us few as three. 

This family includes the single genus Apanogeton, an aqaatio plant inhabiting 
the tropical and temperate regions of Asia. Africa, and Australia. 

A. (OuBiran-tTn) fenettTulU is remarkable for the peouliar structure of its 
leaves (see p. 55). 

Order 2, Juncaginaces, Flowers sometimes dioecioTiB ; both 
perianth- whorls are sepaloid and inconspicnons ; anthers extrorse; 
carpels sometimes coherent ; the onter whorl of carpels is occasion- 
ally abortive ; ovules 1-2, anatropoos, embryo straight. 

Trijilochin pabtatTt, the Airow-Orass, is oonimoD in marshes and on the 
margin of pools: carpels coherent till mature. The flowenare disposed spirally 
in a long loose spike without bracts. Schttichzeria pahutrit is rarer ; it oocnrs 
in bogs : the flowers are set in tlie axils of distichous bracts : carpels free. The 
other genera are, Tetroncium, from the Straits ol Magellan, with diiBcioas 
flowers ; and Lilna, from the mountains of North and South America, which is 
polygamous, having d , $ , and ^ floweta. 





■DJagram of the Flower 



Order 3. Alismace£. Flowers sumctimes monceciona j floral 
formula£3,C3,.^3*-H0or3, or od, G3 + 3or oo : perianth hetero- 
ohlamydeons ; the sepals are often coherent at the base ; the petals 
are white or violet ; anthers eztrorse or iatrorse ; carpels sometimes 
partially coherent ; ovules 1-3, campy lotropoas, embryo curved. 



Ultima Plnntn^o (Water Plantain, Fig. S60 
A3,-' -HO. G6 or more ; 
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OTovded on the broad receptacle. The main aiis oE the inSoreBcence bears 
whorls of branches which have a helicoid ramiGcation. It is rather common in 
damp spots. Damaioniiim lUllatuiii, the Star-fruit, is fonnd in ditches in the 
Soath of England : it has two-seeded ovaries. 

Sagillaria iagittafolia. the Arrowhead, has monixcious flowers with tLe 
formula /ITS, C3, J J co, ¥ G<», Theflowere aro dispoBed in trimeroiis wliorla, 
the S in the npper and the $ in the lower whorls. The anthers are extroree. 
The ovaries, which are ver; sumerons and one'Seeded, are inserted on a flesh; 
reoeplade. Oalj the sagittate leaves and the inflorescence appear above the 



monosporargiate; general 
ftnthera introrse; carpels 
iperficial placentatiou ; embryo 



Order 4r. Butomacem. 
floral formnla the name aa 
distinct ; ovalea nnmerouR, with 
straight or curved. 

Butomuf umbtUatta is 
the Flowering Bnsb (Fim- 
990^,861). The flowers, 
which have violet petals, 
have the fallowing for- 
mnla: K3, C3, AS' + Z. 
G?±?; they are arranged 
in an ambeltate helicoid 
cyajie at the apei of the 
scape, which is about 3 
feet high ; this and the 
leaves, nhiob are of about 
the same length, spring 
from an underground rhi- 
zome. The ovules, which 
ate numerous, are home 
on the inner sntface of 
the carpels (Fig. 338 C) : 
the embrjo is straigbt. 

The other genera all 
have a curved embryo : in 
Tenagoeh&ris (Butomopsis) there are nine stamens and six carpels: iu Hydro- 
dels there ore indefinite stamens (some sterile) and six carpels : in Limnochari'i 
both the Btameoa (some Bterile) and carpels are indelinite. 




—Buttmns 






I Diagram 



of carp^^ 



Sub-sei'ies. Syvearpte. 
Gyntecenm sy near pons. 

Cohort 1. Commelynales. Perianth hetwKicLlamjdcons ; 
seeds with starchy endosperm. 

Order 1. Xtiiidace£. Herbaceous sedge-like plants ; floral 
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formula j^3, C3, -^3 + 0, G^; anthers extrorse ; ovarj usually 
unilocular, with parietal placentation. 

These plants (Xyris, Abolboda) inhabit swamps in tropical or snb-tropical 

regiouB. 

Order 2. Co\imelyxace.«. Herbaceous plants; general floral 
formula iC3, C3, -43 + 3, G—, but the numljer of stamens varies in 
the genera; anthers usually introrse ; ovary usually trilocular. 

These are mostly tropical plants. Species of Commelyna and Tradescantia 
are cultivated as ornamental plants. 

Cohort 2. Li Hales. Perianth homochlamydeoas, usually 
petaloid ; seeds with endosperm ; general floral formula K3, C3, 
/I3-I-3, (7^ 

Oixler I. Liliace.?:. The flowers conform generally to the 
alx>ve formula, but 3 is replaced sometimes by 2 or 4 : they are 
not zygomorphic : endosperm oily ; fruit a capsule or a berry. 

Mostly rhizomatous or bulbous plants : 
i-ai-ely trees or shrubs. 

Sab-order 1. LiuoioxiE, with a loculicidal cap- 
sule, introrse anthers, and united styles. Balboas 
plants. 

The family TuVpea inolades the following 

genera : Liliom, Fritillaria, Tnlipa, Erythronium, 

Lloydia, Calochortus (with septioidal capsule). 

t.- ooA ^ » .u Many species are cultivated. Lilium eamiidum 

t iG. 362. — Flower of the "^ '^ 

Hyacinth : a a a the three ^ *he white LUy ; L. bHlbifemm, prodaeing bulbils 
outer ; i t the three inner in the axils of the upper leaves ; L. Martngov^ 
segmentB of the perianth. the Turk's Cap LUy ; L. tigrinum, the Tiger Lily ; 
which in tubular at the lower ^ gpeciosum, auratum, etc. FritWaria imperialis 
part (nat. size . . ., « , . , ., « • «_ . i 

IS the Crown Imperial, the flowers of which are 

surmounted by a crown of leaves. Tulipa Getneriana is the Tnlip. Erythron- 
ium Dens-Canis is the Dog-Tooth Violet. Calochortus is the Mariposa Lily of 
California. The following occur wild in Britain: Lilium Martagon; Tttlipa 
itylceitriit, wild Yellow Tulip ; Fritillaria Meleagriiy the Snake's Head ; Lloydia 
xerotina 

Tlie Scilltie includes the following genera amongst others : Galtonia, 
Hyacinthus, Muscari, Chionodoxa, Lachenalia, etc., in which the seg- 
ments of the perianth cohere more or less (Fig. 362); Sciila, Camassia, 
Ornithogalnm, etc , with free perianth- leaves. The following occur wild in 
Britain : Hyacinthus noit'tcripiuSt the Blue Bell ; Muscari raeewtosum, the 
Grape- Hyacinth; Sciila verna imd autumnal is ; Ornithogalum nutans ^ the BtSLT 
of Bethlehem. 

Sub-order 2. Melantuioioejs of Colchicoide.'e, with a usually septicidal 
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Mostly rhizomatous 



capsale, usually extrorae anihers, and separate styles. 

Not mtuygeneraare commos inoullivatian; amonR these 01 oiiosa, Uvularla, 
aud VeraCrum may be meutioued ; Veralram album and nlgrara have broad 

Tojieldia palmtrii. the Scottish Asphodel, has ensiform radical leaves ; the 
flo vers, which are pale green, are disposed iu a raceme on a scape i it occurs 
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in Scotland, in wet places on moantains, bat it is rare. Narthecium ossifragum^ 
the Bog-Asphodel, somewhat resembles Tofieldia, bat the flowers are yellow 
and the capsule is loculicidal ; common in Scotland and in the north of 
England. 

The Colchir^ce are bulbous plants and have introrse anthers. Colchicum 
aittumttale is the Autumn Crocus or Meadow Saffron ; when it is flowering in 
the autumn, the stem is underground; it is at this time short and slender 
(Fig. 363 k')j attached laterally to the corm of the previous year's growth (A;), 
and bears a few imperfectly developed leaves (V I") as well as one or two flowers 
(b' b' ) : the ovaries of the flowers are also subterranean ; the six leaves of the 
perianth cohere and form a tube of some centimetres in length, which grows 
far beyond the ovaries and above the surface of the soil, terminating in a 
petaloid six partite limb; the stamens are attached in the upper portion of 
the tube. In the spring the underground stem swells at its base {kr) into a 
corm, and grows upwards, so that the developing leaves (V I'*) and the capsule 
rise above ground ; a lateral shoot is formed at its base, which, in the autumn, 
produces flowers, and this repeats the process. 

Sub-order 3. Ahpuodeloide^ ; rhizomatous plants, with asually radical 
leaves, but the leaves are sometimes borne on an aerial rarely branched stem; 
inflorescence usually a terminal spike or raceme: perianth-leaves free or 
connate ; anthers introrse ; fruit capsular. 

Asphodelus, Eremurus, Antbericum, Chlorophytum, Bowiea. HemerocalHs, 
Phormiuni {Phormium tenax is the New Zealand Flax), Eniphofia, Aloe, 
Gasteria, and XanthorhH3a are cultivated. The only British species is Simethis 
bicolor in the south of England. 

Sub-order 4. Allioide^. ; generally bulbous plants : inflorescence umbellate, 
more or less completely enclosed by two or more bracts. 

Agapanthus, Nothoscordum, Milla, BrodisBa, and Allium are the more com- 
monly cultivated genera. Of Allium, several species are in cultivation for 
culinary purposes, as A. Cepa^ the Onion; A, iucalonicumt the Shalot ; A 
Schoenoprngiim, Chives; A. Porrunit the common Leek; A. sativum (vulgare), 
(Jarlic. Sonu; species (Wild Garlic) are wild in Britain, such as A, oleraceum^ 
viuealf^ urHinum, and triquetrum in Guernsey. The leaves of the various 
species of Allium are generally tubular and hollow ; the flowers are disposed 
in spherical heads or umbels ; bulbils are occasionally produced among the 
flowers, (hnjca lutea is also British. 

Sub-ordor '>. I)rac.i-:noide.£, stem erect, asually arborescent, with secondary 
growth in thioknoss (see p. 205). 

Species of Yueca are commonly cultivated in gardens ; Cordyhne and Dasy- 
lirion in greonhous(»s. Dractpna Draco is the Dragon's Tree of the Canary 
Islands, yielding a red gum-resin (Dragon's-blood). 

Sub-order (>. AsrAKAtioiDE.i:, with a subterranean rhizome bearing aerial 
leafy 8teins : fruit baccate. 

A*V'irtinu!i officinalis is the Asparagus ; the young shoots, which spring from 
the underground rhizome, are eaten. Convallaria majalis is the Lily of the 
Valley. Mahinthcmum hi folium has a dimerous flower. Polygonatum is 
Solomon's Si^al. liuu'us aculcatun (the Butcher's Broom), and other species, 
uro small shrubs, with leaf-like branches (phyllodades, see p. 45), on which 
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the diclinous flowers are borne in the axils of minute leaves. Paris quadri/olia 
(Berb Paris) is poisonous: the flowers are tetramerous, or exceptionally tri- 
merous or pentamerous : they are terminal, and the stem beneath bears four 
(or three or five) leaves in a whorl beneath the flower (Fig. 364) ; the venation 
of the leaves is reticulate. Trillium, the Wood Lily, is frequently cultivated. 
Aspidiitra lurida is the Parlour Palm. 

Maianthemum bifolium, Paris quadrifolia, Rusctis aculeattts^ Convallaria 
tnajaliSy Polygonatum verticiHatum^ multifiorum^ and officinale^ are wild in 
England. 

Sub-order 7. SniLACOiDEiE, scrambling shrubs, having 3-5 ribbed leaves with 
reticulate venation . The roots of species 
of Smilax constitute Sarsaparilla. 

The other Bub-orders are : Ophiopo- 
ooNOiDE^, of which Ophiopogon and 
Sansevieria are the more familiar 
genera: Aletroidbje, Aletris (Star- 
Grass) cultivated in gardens: Luzd- 
BiAGoioE^, Lapageria cultivated in 
greenhouses. 

Order 2. Juncacej;. Floral 
formula, KS, 03, ^13 + 3, (?,i]. 
Plants of a grass-like aspect; 
they differ from the preceding 
order in the dry and glumaceous 
character of the perianth, and 
in the starchy endosperm. The 
leaves are linear or tubnlar ; 
the inflorescence is an anthela (see p. 493). 




Fig. 3M.— Diagram of the flower of Paris 
quadrifoliai I the foUage4eaves ; ap the 
cater; tp the inner whorl of the perianth; 
aa outer; ia inner whorl of stamens. 
(After Sachs.) 



The species of Luzula, which has a unilocular three-seeded ovary, multlfiora^ 
pilosat campeitriSf and sylvatica^ are common in woods and on heaths. Jancus 
has a trilocular many- seeded ovary ; plants of this genus are called Rushes ; 
J, glaucus and effusus have a tubular stem and leaves, and a terminal in- 
florescence which is displaced laterally by a tubular bract which appears to be 
a prolongation of the stem ; they are common in wet fields ; J. bufonius, by 
waysides. 

Order 3. Pontederiacej:. Water-plants of tropical America, 
with an irregular zygomorphic petaloid perianth : in other respects 
they resemble the Liliaceee. 

The commoner genera are Pontederia and Eichhomia : Eichhornia azurea 
and crassipei are frequently cultivated as hot-house aauatics. 



V. S. B. 
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SERIES n. EPIGYN^. 
Ovary inferior. 

Cohort 1. Hydrales. Order 1. Hydrocharidacej:. The in- 
floresceuce is at first enclosed in a spathe formed of a single bract, 
or more commonly of two connate bracts. The flowers have a 
perianth, the inner whorl being petaloid, and usually confarm to 
the monocotyledonous type, but with pleiotaxy in the androe- 
cinm and gjnseceum; formula KS, 03, AS + 3 +, G <» + ...^ The 
flowers are usually monosporangiate and dioecious ; the $ flowers 
hare staminodia ; the ^ flowers have no gynsecenm but an in- 
creased number of whorls in the androecium. Seeds generally 
numerous ; withoat endosperm. Water-plants. 

Fam. 1. UydrilUtE. Orary anilocular. Stem elongated, with whorls of 
small leaves. 

Elodea (AnacharU) canaderuU came originallj from North America and has 
ppread in oar waters so as CTen to impede naTigation in canals. 

Fam. 2. VallUneriea. Orary unilocular. Stem short, with crowded leaves. 

Vallisneria spiralii inhabits the lakes and ditches of the warmer parts of 
Earope. The leaves are long, narrow, and linear. The 9 flowers are raised 
above water on long peduncles ; the ^ inflorescences break away from their 
peduncles and float about on the water to fertilise the $ flowers ; the fruit 
ripens under water. 

Fam. 3. HalophiUa. Perianth of outer whorl only ; ovary unilocular. 

Submerged marine plants, forming the single genus Halophila. 

Fam. 4. Stratiotea. Ovary 6> (or more) chambered. Stem short, with 
crowded leaves. 

Stratiotes alo'uU* (Water- Soldier) has stiff narrow leaves. Hydrocharii 
Marsus Rana is the Frog's Bit ; the plant is small and floats on the water, 
with small roundly-cordate leaves. 

Cohort 2. Dioscoreales. Flowers regular : floral formula KS, 
C3, AS -{■ 3, G is, : fruit a berry or a capsule : endosperm oily. 

Order 1. Dioscoreace^. The ovary is trilocular, with one or 
two ovules in each loculus : the flowers are monosporangiate and 
dicecions. They are climbing plants, with twining stems, having 
large above- or under-ground tubers, and usually triangular 
leaves with reticulate venation. 

Dioscorea sativa^ Batata$ and others, known as Yams, are largely cultivated 
in the tropics, their tuberous roots yielding a food rich in starch. Tamus 
eommiinis, the Black Bryony, is common in England. 

Order 2. TACCACKiE. The ovary is uniloculai- and many-seeded. 
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The flowers are 5 , They are tropical herba, and the leaves which 
spring from the aobterranean rhizome have reticulate venation. 

Order 3. BEtOHBLlACE^. S3, 03, A3 + 3, Q (3). The ovary ia 
superior, inferior, or semi- inferior, fcrilocular, with many eeeda. 
Pei-ianth heterochlamydeons. The leaves are nanally long and 
niUTow, sharply serrate ; the stem is generally very short. The 
flowers are $ , and form spikes or panicles with bracts. 

Atuituu laliva is the Pine-apple. The fruit ia a berry, ftnd the berries ol 
each infloreacenoe ooaleace into 
a apnriouB fniit (aorosis), above 
which the axis of the infloriinceaDa 
eitenda and bears a crown of leaves 
{Pig. 365 ; see p. 528). In a sUte 
of ooltivation the berries contain 
no seeds. It ia a native of America, 
and is ooltivated in all warm conn, 
tries and in hot-honsee. 

Cohort 3. Amomales 
(Scitaminee). The flowers 
are irregular, zygomorphic or 
asymmetrical : general for- 
mula, -I' KS, 03, ^3 +3, G-^„ 
occasionally with a greaX 
rednction in the androecinm. 
Perianth wholly petaloid, or 
the calyx may be sepaloid : 
ovary nsnally fcrilocnlar. 
Frnit, & capsnle or a berry. 
TJsaally no endosperm, but 
abandant perisperm. They 
are tall herbaceous plants; 

the Ices tm, lu-ge »od have „..,„._,^„ .„„„.„„„, ^^^^ 
pinnate venation. 

Order 1. Musace*. •J' K3, 03, A'A + 2-f 1 orO, G«!. Flower 
dorsiventral ; the anterior estemal member of the petaloid perianth 
is nsnally very large, and the posterior always very small. In the 
family Mosece the odd sepal is anterior ; the sepals are nsnally free, 
as are also the petals in Raveuala ; but in Strelitzia the two lateral 
petals are connate, and in Mnsa the five anterior members of the 
perianth are connate, forming a tube which is open posteriorly : 
the posterior stamen is sterile or absent, and the others are not 
always fertile. The flower of the family Heliconiee differs from 
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this type in that the odd sepal is posterior, and the abortive 
jMMterii)r Htamen belongs to the outer whorl. Seeds, one (Heli- 
ennJH). nv nmny, in each localne, TCithoot endosperm. Thej are 
nil Hhrubn of colosnal growth, with enonnonslj' long leaves: the 
flowprH ni-e nsnatly arranged in epicate infiorescencea in the aziU 
o( large and often coloured bracta ; sometimes seTeral Qowera 
Hpring fn)iii the axil of one bract. 

iluia para.luiaca (Plantun), il. Sapimtam (BtmanB), and M. EiueU are 
nativuB (if the tropica of the Old World ; the two foimer ar« now distribnted 
thiouiihout America and applied to a great variety ol pnrpoMB ; the fruit, nbieb 
iri of tliD nature of a berry, is an article of food, and the vaaonlar bandies are 
naod Iiir maliiiig textile fabrics. The other genera are Bavenala, StrelitEia 
Helicunii. 

J 





(trdor 2. Zin<(ifkback«. ^ K3, CS, A -f 2 or + 1 f 2, G-g,. 
Flower (Im-sivmtral : caljx Bometimes petatoid. Of the inner 
whorl of Nlnnit'na the posterior alone bears a perfect anther, the 
ollii'i' two being transformed into a nsnally petaloid body, the 
liiMlnm. Tho on ter whorl of stamens is absent, or bot slightly 
iiiilicn It'll, in (he Zingibcrete (Fig. 367 fi); bnt is represented in 
the 1 b-.tyohien' and Globbe»e by two postero-lateral petaloid 
sliimitm.lis (Fig. MT .41. There is a small amount of endosperm 
ill lh(> soi'il. in a di'jirossion in the perisperm. 

'I'lip rxniiuoiH'T iwncra »re Cnrcama, H«d;chiaiD ; Zingiber, AJpinia ; (Hobba, 
llA\'iiiiI n iiiiiUH-ulRT o\'ar; with three parietal plaeeiitn. 

'\'\w *\ttiv\\ iilurh i> iini«red from the thitome ot Camraa axguttlfolia and 
l,-nfnrhi:ii is knuun in (^>mm«i«« u East Indian aimwroot: TnTmsTio ie 
iil'luinisl ti>iiii llii> rliiromc ot C l^iii^a. CardamranB at* the tmits of EUtteria 
t'ar.l-im.-i>n.ii. Th« diird rhizomes ol Zimgib<T ofiam«lt are th« eommon 



u v.* or Cassaci;,^. .^3, C3, JO + 1 t 1, 0, or 
J. FlowiT aiiymmetric: calyx not petaloid. 
vjin^f^'nioil by a number of petaloid bodies, of 
.< {vw^torior si>amon of the inner whorl, bean 
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a bilocnl&r anther (Fig. 368 st, an) ; of the staminodia one is 
larger than the others, and ia reSeied, forming a labellam (Fig. 
368 I) ; the narrow ones vary in 
nnmber in the different species 
(Fig. 368 a. and ^) ; seed without 
endosperm ; seeds nnmerons in 
Canna, single in each loculns 
in the other genera. 

Canna indica nnd other species are 
commonlj grown as ornamental 

Amjlum Maranta, the starchy meal 
pr^ared from the rhizome of Maranla 
arundinaeta, is troe or West Indian 




Cohort 4. Orchidales. 
Flower irregnlar, doraiventral, 
zjgomorphic, gynandrous (see 
pp. 495, 518), reduced in the 
androecintn : perianth petal o id. 
Seeds very small, without en- 
dosperm or perisperm; the 
embryo a minute undifferen- 
tiated mass of cells. 

Order 1. Orchidacej;. The flowers of most of the genera have 
the formula -^ ES, C3, Al+f 2, G-p; ; those of the Cypripediinto, 
however, have the formula -I- KS, OS, A f 1 + 2, O-jt, (Fig. 369 
A, J?), The flower is generally so placed, in consequence o£ 
torsion of the ovary, that the posterior side o£ the flower, instead 
of being uppermost, as is normally the case, comes to lie inferiorly 
(resapinate), but there are exceptions (e.g. Liparis, Nigriteila, 
Epipogium). The posterior segment (petal) of the inner whorl 
called the labeUum (Fig 370, see also Pig.'294 I), is always larger 
than the others, and varies greatly in form ; it frequently has a 
spur (Fig. 370 sp) or a sac-shaped cavity (Fig. 294). The an- 
droeeium and the three stigmata are, in most Orchids, borne on a 
prolongation of the floral axis the gynostemium (Fi^. 294 s; Fig. 
372 ii and gs). lu the androeoinm usually three stamens are 
repi-esented ; in the monandrous Orchids there is a fertile an- 
terior stamen belonging to the onter whorl (Fig. 369, A), and 
often two ataminodes, which are sometimes petaloid (e.g. DiurisJ 
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The genera of Orchidacear are so nameroas and so diTcrse that it is impos- 
sible to {five more than a summary of those which are British. 

DiAXDB.£ : two fertile stamens, belonging to the inner whorl : all three lobes 
of the stigma are sasceptible of pollination : pollen-grains cohering bat slightly. 

Fam. I. Cypripfdiina. Cypriptdium CalceoluM^ the Lady*s Slipper, now 
rery rare, occurs in woods in the north of England : it has a creeping rhizome 
and broad ovate leaves : the perianth is of a reddish-brown colour, except the 
labellum which is yellow and forms a shoe-like sac (Figs. 369, 372). 

MoNANDiLH : one fertile stamen, the anterior, belonging to the outer whorl : 
only the two lateral lobes of the stigma are susceptible of pollination; the 
anterior lobe is nidimentarv, or is developed as the rostellum : pollen-grains 
coherent into pollinia. 

Fam. 2. Ophrydina : anther short and broad ; the waxj pollinia are basil- 
onous ; a rostellum, forming retinacula to which the caudicles of the pollinia 
adhere. 

To the sub-family Serapiadf<jt, which is characterised by the short gynos- 
temium and the erect anther, belong the genera Ophrys, Orchis, and Aceras. 
In Ophrys there are two distinct bursiculie and retinacula, and the pollinia 
remain distiiic-t : the flowers resemble insects : 0. apifera the Bee Orchis, 0. 
aranifera the Si>ider Orchis, and O. mutcifera the Fly Orchis, occur in chalk 
pastures. In Orchis there is but one bursicula, but there are two retinacula, so 
the pollinia may be removed separately, and the labellum is spurred : Orchis 
Morio. mascula, and militaris, have round or oval tubers; whilst O. latifoliat 
maculata, and pyraniidalii have palmate tubers. In Aceras (Aceras anthropo- 
phora is the green Man-Orchis) the 3-lobed lip is not spurred, and there is but 
one retinaculum. 

To the sub-family Gymnadeniea, characterised by the absence of a bursicula, 
and consciiuently bare retinacula, belong the British genera Gjnmadenia, 
Habenaria, Neotinea, Herminium (as also other interesting European genera, 
such as Chania'orchis and Nigritella). In Gymnadenia (G. Conopsea, the 
fragrant Orchis) the retinacula are contiguous : in Habenaria {H. albida, bt/o/ta, 
viridig, Butterfly Orchis) the retinacula are distant : in Neotinea {N. intacta) 
the piuk perianth-segments are connivent : whilst in the preceding genera the 
labellum is npurred, it is not spurred in Herminium (H. Monorchit, the green 
Musk Orchirij. 

Fam. 3. Neottiime : pollinia usually soft and granular, either aorotonous or 
altogether witliout cau<licles. 

To the sub-family Cephalantherea, in which the labellum is traosversely 
Rogniented, belong the genera Cephalanthera, Epipactis, and Epipogium. 
Cephalanthera (C. yrandijlora, C. ensifoliat C. rubra) and Epipactis (E. latifolia 
and E. paUiittris), the Helleborines, are rhizomatous leafy plants with well- 
developed leaves on the peduncles : the labellum is not spurred, and the rostel- 
lum is rudimentary. Kpipo(jinm (rmelini is a saprophyte, has no roots, and 
its leaves are scaly and not green ; it has granular pollinia with acrotonous 
caudicles, a rostellum ])roducing a retinaculum, and a spurred labellum ; the 
llower is not resupinate. 

To the sub-family Spiranthea, characterised by a rostellum as long u the 
anther, producing a retinaculum to which the granular pollinia (without eaa- 
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dicles) adhere, belong the genera Spiranthes, Listera, and Neottia. Spiranthes, 
Lady's Tresses (<S. autumnalisj astivaliSf and gemmipara) has a spike unilateral 
by torsion, perianth-segments connivent, no spur. Listera, T way-blade (L. 
cordata and ovata)^ has only two foliage-leaves, and spreading perianth- 
segments, no spur. Neottia Nidus-Avis, the Bird's-nest Orchid, is a saprophyte, 
with scaly leaves which do not contain chlorophyll ; labellum not spurred. 

To the sub-family Physarea, characterised by the structure of the pollinium, 
which is sectile, belongs the genus Goodyera (G. repens) in which the labellum 
has no spur, and the pollinia have acrotonous caudicles ; the inflorescence is, 
like that of Spiranthes, a unilateral twisted spike ; the plant is rhizomatous. 

Fam. 4. Liparidince : the anther produces four waxy pollinia without cau- 
dicles. Liparis (Sturmia) Loeseliiyh&s only two foliage-leaves and a pseudo- 
bulb ; the flower is not resupinate ; there are two retiuacula, to each of which 
a pair of pollinia become attached. Malaxis (Af. paludosa, Bog Orchis) has a 
short gynostemium and a single retinaculum; reproduced by pseudo-bulbs. 
Corallorhiza (C. innata, the spurless Coral -root) is a saprophytic plant, without 
roots or foliage-leaves. 

There are many other families, including a large number of genera which 
are mainly tropical and commonly epiphytic with aerial roots (see p. 155). 
Many of these are cultivated in hot-hoases such as Oncidium, Vanda, Dendro- 
bium, Angraecum, etc. Vanilla is the dried fruit of Vanilla planifolia, a climb- 
ing species. 

Though pollination is usually dependent upon the visits of insects (see p. 
456), self-pollination is by no means uncommon. For instance, among British 
Orchids, Ophrys apifera and Neotinea Intacta are probably always self-pollinated, 
and Neottia Nidus-Avi^, Epipactis ovalis and E. latifolia, are frequently self- 
pollinated, simply by the falling of the pollen on to the stigma. Cephalan- 
thera rubra is commonly pollinated whilst in the bud, by the germination of 
the pollen-grains, the pollen-tubes making their way to the stigma. 

Cohort 5. Narcissales. Flowers regular or irregular: not 
less than three stamens in the androeciam : perianth petaloid : 
seeds with oily endosperm. 

Order 1. Amaryllidace^. KS, 03, -43 + 3 or 12 to 18, (rf^], 
The flower is occasionally zygomorphic and narrowly funnel- 
shaped : anthers usually introrse. The fruit is usually a trilocular 
loculicidal capsule, sometimes a berry. 

The principal of the numerous genera are arranged in the following fami- 
lies :— 

Fam. 1. Amaryllldoidece : subterranean stem, bulbous : scape leafless, bear- 
ing a single terminal flower, or an umbellate inflorescence, invested by one or 
more bracts. Amongst the genera without a corona (see p. 515) are Amaryllis 
{A. Belladonna, the Belladonna Lily), Vallota (V. purpurea, the Scarborough 
Lily) with zygomorphic flowers ; Zephyranthes, Sternbergia, Crinum, Galanthus 
(G. nivalis, the Snowdrop), and Leucojum (L. vernum, the Spring Snowflake ; 
L, astivuni, the Summer Snowflake) with actiuomorphic flowers. Amongdt 
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the genen with a oorona are the many EpMies of NaroiBStii N. {CorbutaTia) 
fiufbocoilium, the Hooped Pettiooat DftSodU; N. (Ajax) Pitudo-nareiBia, the 
oammon Daffodil ; N. {Quettta) Jonquilla, the Jonquil, and K. ineampanibiUM 
the Star Daffodil ; K. poetics, the Poet's or PheaBaDt's Bye NaroUBti* ; N. 
Tatetta, the Cluster Narciraas ; also the genera Panoratinni and Euoharia. 

Fam. 2. Agavoidea : atem not subterranean, short or elongated into a 
trunk. Here belong the genera Agave (inol. Bonapartea) and Fonrmoya. 
A:iave amerieana, commonly known as the talee or American Aloe, is a native 
of Mnioo but has been naturalised in Sontheru Europe. The abort stem 
bears a rosette of large thick prickly leaves : when it has attained saffloient 
vigonr— in Sonthem Enrope in tiom 10 to 30 years— it throws up a scape 20-80 
feet high, which branches and bears a large number of Sowers in a pyramidal 

Fam. 3. Hypoxidmd'a! subterraneau sten a rhizome, bearing a terminal 
flowering-shoot. Alstroemena, the Peravian Lily, has a leafy flowering-shoot 
and the habit ot a Lily. 

The British species of the 
order are (be commoD Daffodil, 
the Snowdrop, and the Bnow- 
flakes. 

Order 2. Iridacex. 
KZ, C3, AZ+0, Gs- The 
flower IB aometimes zygo- 
morphic : stamens some- 
times monadelphoiiB ; the 
anthers are extrorse : the 
fmit is osaally a trilocnlar 
localicidal capsule. 

Fam. 1. Cbocoidks : flowers 
actiuomorphic, terminal, single, 
witli sometimes other axillary 
flowers, each invested by a 
spathe ; stem, a corm. 

To this family belong, 

amongst others, the genera 

Croons and Bomnlea. Many 

species of Crocus (e.^.Caumu, 

!ji/oru», ipeciottu, vtrniu, eto.) 

aie cnltivated ; C. lativut ii the 

tabular portion of the Saffron Croous, the dried stig- 

i i pa tba Inisnioo of tbe outer, pi of the msta of whioh are termed Sat- 

ives of the pBrianth , it suusen ; « laCher ; ,,„„ . q^^ ^niy indigenous 

3 [hrea petaloid ■tigmata (out. Blie). -^ -.■ i. ■ ^ i-n 

British species is O. nudijlorut 

is autnmn. flowering. RotTivUa {Triclionema) Columna ooonrs in the 
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Fam. 2. Ibidioideje : flowers mostly aotinomorpbio, forming many-flowered 
inflorescences of various form with spathes, each of which invests more than one 
flower : stem bulbous or rhizomatous. 

This large family includes several sub-families, of which the following are 
the more important : — 

Sub-fam. Iridinm : perianth-tube short or absent ; the capsule is not en- 
closed by the spathe ; the styles are petaloid, with the stigma on the under 
surface. Iris, the Flag, is the principal genus. The species of this very large 
genus may be divided into two groups based upon the bulbous or the rhizoma- 
tous character of the stem. The most familiar of the bulbous Irises are, J. 
xiphioidei (or Xiphion latifolium, or IrU anglica) the so-called English Iris ; 
I, Xiphvim {Xiphion vulgare) the Spanish Iris ; I. reticulata^ persica^ and Hiitrio. 
The rhizomatous Irises are classified according to the presence or absence of 
hairs (beard) jm the perianth-segments : thus, — 

Sect. Hexapogon : all the perianth-segments bearded along the upper surface 
of the midrib of the claw : e.g, L longiacapa and falcifolia, 

. Sect. Pogoniris : only the three outer perianth-segments bearded on the 
midrib of the claw ; e.g. I. fiurfutina^ germanica^ pallida^ pumila. 

Sect. Oncocyclus : the three outer perianth-segments bearded on both claw 
and limb : e.g. I. stuiana^ iberica. 

Sect. Apogon : perianth-segments beardless : e.g, I. graminea and siberica 
with linear leaves ; I. Pseuda^oruSj ochroleuca^ foetidisMimat etc., with ensiform 
leaves. I. Ptteudacoras (Yellow Flag) &nd foetidissima are British. 

Sub-fam. Tigridiiice : perianth-tube absent ; styles branched with an apical 
stigma ; the inner whorl of perianth- segments is smaller than the outer ; sta- 
mens monadelphous : bulbous plants. Tigridia Pavoma is the Tiger Flower. 

Sub-fam. Sisyrinchinoe : perianth-tube short ; styles unbranched, nearly 
cylindrical, alternate with the stamens (not opposite as in Iris) : stamens free, 
or connate at the base : rhizomatous plants. 

Here belong the genera Libertia (with free stamens) and SiByrinchium 
(with basally connate stamens), having actinomophic flowers; S. (Berniudiaua) 
angtutifoliumj Blue-eyed Grass, occurs in Galway. 

Sab-fam. Aristince : perianth-tube elongated ; capsule enclosed by the spathe ; 
stamens monadelphous (Patersonia) or free (Ajristea) ; generally rhizomatous. 

Fam. 3. Ixioidea : the flowers, which are frequently zygomorphic, are each 
invested by a spathe : stem, usually a corm. 

In the sub-fam. IxiecBt the zygomorphism of the flower is but slightly 
marked: Schizostylis is rhizomatous, whilst the other genera (Ixia, Geisso- 
rhiza, etc.) are bulbous. 

In the Gladiohost the zygomorphism of the flower is well-marked, but the 
flower may be either straight and erect {e.g. Tritonia, Montbretia, Sparaxis), or 
curved {e.g. Gladiolus). Gladiolus illyricus {communin)^ the lesser Gladiolus 
or Corn- Flag occurs in England. 

In the Watsoniecb (Watsouia, Lapeyrousia, Freesia), the styles are 2- 
branched. 
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Class X.— DICOTYLEDONES. 

The ripe seed (Fig. 295) may be albnminoas, containing a mass 
of endosperm and a relatively small embryo, as in the Umbelliferee 
and Euphorbiace89 ; but sometimes the embryo is relatively large 
and the endosperm occupies only a small space, as in the Labiatae : 
moi*e commonly the seed is exalbnminous, the endosperm being 
wholly absent, and then the embryo, which has large and fleshy 
cotyledons, fills the entire cavity of the testa, as in the Rosacese, 
the Legaminosce, and the Compositae. Perisperm is rarely pre- 
sent, either together with endosperm (e.g, some Piperales and 
XymphoDaceoe), or alone (Chenopodiales). 

The embryo (see p. 443) nsnally has distinct members, consist- 
ing of an axis and two opposite cotyledons ; in rare cases, e.g, 
Corydalis, only one cotyledon is present, or abnormally thi*ee may 
occur, as is occasionally the case in the Oak, the Sycamore, and 
the Almond. In parasites and saprophytes which are devoid of 
chlorophyll and which have very small seeds, such as Monotropa 
and Orobanche, the embryo is quite undifferentiated, and it con- 
sists of only a small number of cells. 

The axis of the embryo frequently persists as the main axis of 
the plant which grows in length and produces numerous less 
vigorous lateral shoots ; but it often happens that some of these 
lateral branches subsequently grow as vigorously as the main axis : 
when this is the case, and when also the lower and feebler shoots 
die off, a head, such as is common in forest-trees, is the result ; in 
the case of shrubs, vigorous branches are formed quite low down 
on tlie main stem. The branching of the stem is almost invariably 
axillary and lateral : it is frequently monopodial (p. 40), but in 
many forest-trees the stem (trunk) and branches form a sympo- 
dium, the uppermost lateral bud growing each year in the direc- 
tion of the main axis, which does not itself develope any further. 

When the axis of the embryo continues to be the main axis of 
the plant, the primary root also developes greatly, and forms a 
tap-i-oot from which the lateral roots grow in acropetal succession ; 
in cases in which the growth in length of the tap-root is limited, 
numerous adventitious roots spring from its older portions ; these 
may again give rise to lateral roots, and by a repetition of this 
process an elaborate root-system is formed. 

The stem is almost always monostelic (see p. 152). The 
vascular bundles of the stem are almost always conjoint, collateral, 
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and open, and the stem grows in thickness by the activity of the 
cambinm-ring which is formed (p. 191). 

The epiblema of the root is (except Nymphieacese) the per- 
aiatent innermost layer of the original many-layei-ed epidermis 
(see p. 154). When the stem grows in thickness, the root does 
so also (see p. 191). 

The leaves eihibit infinite variety both in their relative position 
and in their form. The foliage -leaves almost always consist of 




Fia. sri.-V^iaFatia, Che Bean. J Seed with one 
the lotjledana remoyadi c Che rmnalnine ooiyledoi 
urradiflle; fcnplumnlei tteetA. B Qenalaatinf^ ase 



ootjl; ht Cho very short bjpocotjl 
root; m Its apex; kn bad la the «ill aC 
coCjIedous. 



petiole and blade; amplexicaul leaf-bases are comparatively rare, 
bat stipules, on the contrary, are very common. Branching or 
segmentation of the leaves is common, and is frequently indicated 
by the incision of the margin. The usually reticulate venation of 
the leaves is characterized by the presence of a lavge number of 
veins which project ou the under surface, except in thick, fleshy 
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leaves, and which frequently anastomose; a midrib is almost 
always present, giving off lateral branches to right and left. 

The flowers, when they are lateral, are usually furnished with 
two prophylla or bracteoles (see p. t505) : they differ very con- 
siderably in their structure, and cannot be referred to any one 
type. The following are the principle forms: 

1. In a considerable number the perianth, which is simple, and 
the androecium are isomerous, consisting of four, five, or six 
members; their arrangement is either spiral (f), or whorled so 
that the stamens are always superposed on the leaves of the 
perianth ; the latter are all similar and are sepaloid. Formula 
P5 I Aby or Pn + n, i4n + n, where n=: 2 or 3. This structure 
prevails in some of the Monochlamydese (XJrticales, Amen tales). 

2. In a second group, all the parts of the flower are arranged 
in a continuous spiral, the stamens, and sometimes the carpels, 
being generally more numerous than the leaves of the perianth : 
the perianth may consist only of a calyx, or a corolla may be 
developed in place of the external stamens ; when this is the case 
the corolla alternates with the calyx, provided that it is isomerous 
with it, as in most Hanales. 

3. With these two types are connected by many intermediate 
forms those flowers in which the biseriate perianth and the stamens 
are in whorls : their formula is JCn, On, ^n + n, where n usually 
= 5 or 4. This is the most common type of structure of the 
flower; it occurs in most Polypetalae and Gamopetalee ; it may be 
modified either by the suppression of one (usually the inner) 
whorl of stamens, or by their multiplication, their branching, or 
their cohesion, or by the suppression of the corolla. 

4. Finally, there remain certain flowers, which cannot be directly 
referred to any one of the above types, and they must therefore 
be left unexplained for the present, and the relationships of their 
families must remain uncertain. 

The sub-divisions in which the Dicotyledons are arranged in the 
following classification are especially characterized by peculiarities 
in the structure of the flower. It is impossible, however, to draw 
sharp distinctions between the sub-classes, the cohorts, the orders, 
and sometimes even between the families, for the position of a 
plant in the system depends, not upon any one character, but upon 
the aggregate of its characters. 

The principal oi*ders of Dicotyledons may be arranged as 
follows : — 
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SUB-CLASS I. MONOCHLAMYDE^. 



Cohort I. Piperales. 

Order 1. PiPERACEiE. 
„ 2. Chloranthacej:. 
„ 3. Saururace^. 
Cohort 11. Urticales. 
Order 1. Urticacej:. 

2. Horaces. 

3. Cannabinace^. 

4. Ulmace^. 
Cohort III. Amentales. 

Order 1. Betulace^. 

2. Corylace^. 

3. Fagace^. 

4. juglandace^. 

5. Myricace^. 

6. Casuarinacej:. 

7. Salic ACE^. 



>> 



>» 



»» 



» 
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Cohort IV. Proteales. 

Order 1. Proteace^. 
Cohort V. Chenopodiales. 
Order 1. Chenopodiace^. 

2. Amarantace-s. 

3. Phytolaccace^. 

4. Nyctaginace^. 
Cohort VI. Asarales. 

Order 1. Aristolochiace35. 
„ 2. Cytinace^. 
Cohort VII. Santalales. 
Order 1. Santalacejb. 

2. loranthace^. 

3. Balanophoracej:. 
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SUB-CLASS II. POLYPETALJE. 
SERIES L THALAMIFLOR^. 



)) 
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Cohort I. Ranales. 

Order 1. Ranuncglace^. 

2. MAGNOLIACEiE. 

3. Calycanthacej:. 

4. Nymphjeace^. 
Cohort II. Menispermales. 

Order 1. MENisPERMACEiE. 

2. Berberidacej:. 

3. Ladrace^. 

4. Myristicacej:. 

5. Polygonacej:. 

6. Ceratophyllace^. 
Cohort III. Caryophyllales. 

Order 1. CARYOPHYLLACEiE. 

„ 2. portulace^. 
„ 3. Aizoacej:. 
Cohort IV. Parietales. 
Order 1. Papaveracej:. 
„ 2. Fumariacej:. 
3. Cruciferj:. 
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Order 4. Capparidace^. 

5. RESEDACEiE. 

6. ClSTACEJ). 

7. BlXACE^. 

8. VlOLACE^. 

Cohort V. Sarraceniales. 

1. Sarraceniacea\ 

2. Nepenthace^. 

3. Droserace^. 
Cohort VI. Guttiferales. 

Order 1. Hypericace^. 

2. Tamaricacf^. 

3. Elatinace^. 

4. Ternstr(emiace^. 

5. Clustace^. 

6. d1pterocarpace.e. 
Cohort VII. Mai vales. 

Order 1. TiLrACE^E. 

2. Sterculiace^. 

3. Malvacej:. 
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SERIES II. DISCIFLORiE. 



Cohort I. Geraniales. 

Onlor 1. (iKKANIACK.B. 

2. LiNACK-*:. 

8. Khythroxylack.k. 

4. OXALIDACK-t:. 

o. Balsam IX ACK.B. 

(». TKOP.tOLACK-i:. 
7. ZYlJOPIIYLLACK.f:. 

8. Ki'TACE-t:. 

9. Mkliack.*:. 

„ 10. SiMAurHArK.*:. 

,, 11. lU'RSKKArK.i:. 

Tohort II. Sapindales. 
Onlor 1. SAnxi>ACK.K. 

„ 2. AOKRAOK.K. 

:V Poi.YllAl.Ai'K.!-. 
4. AXAOARPIACKi:. 



♦» 

»» 
I* 



Cohort in. Celastrales. 
Order 1. CELASTRAdLE. 

2. Staphyleacf^. 

3. Aquifollaceje. 

4. THYMELEACEiE. 

5. Elj:aonac££. 

6. Rhamxace^. 

7. Ampelidaceje. 
Cohort IV. Euphorbiales. 

Order 1. Euphorbiace^. 

2. Buxace^. 

3. Empetraceje. 

4. Callitrichacej:. 



» 
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SERIES m. CALYCIFLORE. 



Cohort I. Umbellales* 

i^rvier I, rMHiiLivtKJK. 
-. Akaiiacfv. 

CoV.or: 11. Passiflorales. 









\ rtJiIes, 

\ 



Cohort IV. Resales. 
Order 1. Rosacea. 

2. Lcoumixosj:. 

3. Plataxace^. 
Cohort V. Saxifragales. 

Older 1. Saxifkaisace^ . 

^ Sl Cephalotaceje. 
« -L Prmi^p^EACEf. 
5. Hahahfijpaceje. 

d. PcCvis^TEXACEf. 
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SUB-CLASS III. 
SERIES I. 

Cohort I. Lamiales. 
Order 1. Labiatjj. 

2. Veebenace-e. 

3. GLOBULARIACEiE. 

Cohort 11. Personates. 

Order I. Scrophularace^. 
2. Plantaginace^. 

3. BiGNONlACEJ). 

4. Acanthace^. 

5. Gesneracej). 

6. Orobanchace^. 

7. Lentibulartace^. 
Cohort III. Polemoniales. 

Order 1. Convolvulace^. 

2. Polemoniace^. 

3. Solanace^. 

4. boraginace^. 
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GAMOPETAL^. 
HYPOGYN^. 

Cohort IV. Gentianales. 
Order 1. GENTiANACtJE. 

2. LOGANUCEiE. 

3. APOCTNACEiE. 

4. AsCLEPIADACEiR. 
„ 5. OLEACEiB. 

Cohort V. Ebenales. 
Order I. Sapotace^. 
„ 2. Ebenacej:. 
„ 3. Styracej:. 
Cohort VI. Primulales. 
Order 1. Primulace^. 
2. Myrsinaceje. 

3. PLUMBAGINACEiE. 

Cohort VII. Ericales. 
Order I. Ericace^. 

2. Epacridace^. 

3. Dupensiacej:. 

4. Pyrolace^. 

5. Vaccinuce^. 



i» 
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SERIES II. 

Cohort I. Campanales. 
Order I. Campanulacejr. 
„ 2. Lobeliacej:. 
Cohoi*t II. Rubiales. 

Order I. Eubiacej:. 

2. Caprifoliace^. 



EPIGYN^. 

Cohort III. Asterales. 

Order 1. VALERIANACEiE. 

2. Dipsacej:. 

3. Composite:. 



>» 
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SUB-CLASS I. MONOCHLAMYDEJ. 

The flowers have a simple, usually sepaloid, perianth, or it may 
be absent ; they are commonly monosporangiate. 

It must not be assumed that all Dicotyledons with apetalous flowers belong 
to this sab-olass : oq the contrary, many sach plants must, in view of the 
aggregate of their characters, be placed in the other sab-classes. The plants 
indaded here are sach as have flowers the perianth of which appears to be 
priipitively simple, and not such as have flowers the perianth of which seems 
to have become simple by sappression (see p. 505). 

V. B.B. P P 
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Cohort I. Piperales. The flowera are nBnallj ambisporan^ate, 
and they are arranj^ed in a spike oraspadiz, with bracts; perianth 
UBiiiiliy absent. Ovary asiially sapcrior, monomeroDS or trimerous, 
onilocniar. Ovule arthotropons, solitary, basal or suspended; in 
Home oases there are several parietal ovales. The embryo is small 
and lies imbedded in endosperm, nsnally in a depreaaion of the 
abnndant perisperm (Fij^. 295 B, p. 458). 

Order 1. Pii'kbacrs. Ovary snperior, nsoally trimeronB or 
monomerons, nnilocalar, with a single orthotropoua, erect, central 
ovule. The inflorescence is a long spadix, 
with nsnally peltate subtending bracta 
(Fig. 376/, helow), in the asils of which 
the flowers are situated. The flower con- 
sists only of a ovary (Fig. 376 /, above) 
and generally six, three, or sometimes two 
stamens ; the fruit is a berry. 

riper nigrum is a climbing shrnb belonging to 
the Eoat Indieii ; the anripe dried fruits ore black 
pepper; icbite pepper consists of the ripe fniite 
of tbe same plant, wbicb, after maceration, are 
freeJ from their outer eoat. Cabebs are the fraits 
o( Fiyer Cubeba ot Java. 

Order 2. Chloranthaceje. Flowers 
with a rudimentary perianth. Ovary inferior, mono- 
nii'iiius, with a single suspended ovule. Seed with oily endosperm, 
but no perisperm. Tropical or sub-tropical. 

OitU'V 3. Sauhi'b.u'e.e. Flowers without perianth. Gynteceum 
of thrtHt or four rarpt'ls, eithui- apocarpous or syncarpons : in the 
fornior case oach ovary bears 2—t orthotropons ovules on its ventral 
Hiitnix' (uiaixinal placentation) ; in the latter case the unilocular 
ovnry W-iit-s t! -U> uvuK-s on each parietal placenta ; ovary superior. 
Seed ns in I'ipeitweiv. Herbs with a rhizome, belonging to North 
Aniorica and l-^tstorii Asia. 

//uultHyHiu runhttj (srv p. IS) is 4 commoD weed in Japan and China. 

Cohort II. Urticales. Flowers nsnally diclinons, in intlor- 
fsi'i-in'i's of various forms : perianth usually present, simple. 
sf(«iloid, ix'iisistinj; typically of live (}) or reduced to four (2 + 2) 
sti;iiifutt: ; stamens t\|uai in number and opposite to the segments 
of tliii pi'i-ltiiith, in iviistMjneniv. apparently, of the essentially 
-;{.iinl Hvi'uiijrt'mi'iit of the ttoral organs (sec p. 497) ; ovary 
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superior, monomerous, nnilocular, or sometimes dimerous, with 
two styles, and then rarely bilocular : ovule solitary, in different 
positions. Seed commonly containing endosperm. The inflor- 
escences in orders 1-3 are usually situated 
two together at the base of a leafy dwarf - 
shoot which springs from the axil of a 
leaf, and they are cymose (Fig. 377). The 
leaves are generally hirsute. Cystoliths 
(p. 108) are commonly present. 

Order 1. IJRTiCACEiE. Ovary monomer- 
ous : ovule central, orthotropous, erect. 
Seed containing endosperm. They are 
mostly herbs or shrubs without milky 
juice and frequently provided with sting- 
ing-hairs : leaves alternate, stipulate. 
Flowers polygamous, monoecious, or dioe- 
cious, in paniculate or glomerulate inflor- 
escences. 




Fig. 377.— Part of the stem 
of Urtica urens, with a leaf (/) 
in the axil of which is the 
branch (m), at the base of 
which are the inflorescences 
(b), without any bracts (nat. 
size). 



Urtica urens and dioica (Stinging Nettles) are known by the stinging hairs 
which are distributed over their whole surface : perianth 2 -f 2 ; the two outer 
segments of the perianth of the $ flower are larger than the inner segments 
(Fig. 378 B). In the former species the ^ and ? flowers are contained in 
the same panicle, and the floral axis is but feebly developed; in the latter 
they are on different plants, and the axis is well developed and bears leaves. 
Bohmeria niveau a native of China and Japan, has strong bast-flbres used for 
weaving the material known in England as Grass-cloth. Parietaria officinalis ^ 
Wall-Pellitory, having polygamous flowers with a gamophyllou^ perianth, and 
destitute of stinging-hairs, occurs occasionally on walls, by roadsides, etc. 

Order 2. Morace^. Ovary gener- 
ally dimerous, and sometimes bilocu- 
lar (Artocarpus) : ovule suspended, 
anatropous or campylotropous, more 
rarely basal and orthotropous : seed 
w^ith or without endosperm ; the fruit 
is enveloped by the perianth (usually 
2 + 2), which becomes fleshy, or by a 
fleshy floral axis. Trees and shrubs 
with milky juice, scattered leaves and 
caducous stipules. 

Morus alba and nicjra (Mulberry) come from Asia ; the flowers are disposed 
in short catkins ; the catkins are borne singly on shoots, which, at the time of 




Fig. 878.—^ starainal J ; B car- 
pellary 9 flowers of the Stinging 
Nettle, Urtica : p perianth ; a 
stamen ; n rudimentary ovary of 
the (J flovrer ; ap outer; ip inner 
whorl of the perianth ; n stigma of 
the ? flower (mag). 
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flowering, are atill bada, aiiil they cont^D monoeporangiate, bot raoDmaioa*. 
flowers ; tlie $ flowera pive rise, as ripening takes place, to a Bpnrioas trtiit 
(sorosis, p. 523), consisting of sparious drupes formed bj the periantba. The 
leaves, particularly of the former species, are the looA of the Bilkworm. Broia- 
lonetia papyrJ/tTa (Paper Mulberrj) has flowers like the prsoeding, bat thej are 
diceciouB : the baik is made into paper in China 
and Japan. Maelura lincturia, in Central America, 
yields Fustic, a dye, Ficiii Carica is the Fig-tree of 
Southern Europe ; the fig itself (termed a sjeonas) 
is the deeply concave axis of the infiorescence. on the 
inner surFace of nliich the flowers and subsequently 
the fruitn, in the form of bard grains (achenes). Bie 
borne |Fig. 379 mf) ; the cavity is closed above by 
small bracts (Fig. 370 b). Ficui tlaitUa is the India- 
rubber tree ; it is frequently cultivated in rooms. 
F. Tfligioea and otiier East Inditn species field 
Caoutchouc, nhich is their inspissated millcy juice 
(latex). Ficnt indica is the Banyan. ATlocarput 
incita is the Bread-fruit tree of the Sonth Sea Islands ; 
the large sputious fruit (sorosis) of this tree is roasted 
and eaten as bread. Galacti'dendrtm ntile, the Cow- 
latex, nhile that of Antiarii toxiearia (Java) 




— haDgiiut\in\ 






tree of Columbia, has a 
is poisonous. 



Order 3. Cannabinacej;. Ovary dimeroM, nnilocnlar : ovnle 
Buspended, cam pylotro pons : seed with endosperm. Flowers 
dtcBcions: the (J flovjers (Pig. 380 .i) have a 5-partite perianth 
and 5 Bhort stamens ; the S flowers have a tabular entire perianth 
(Fig. 380 B, p) enclosed in a bract (Pig. 380 B, d). Herbs with 
decussate leaves — at least the 
lower ones — and pei-aistent stip- 
nlea ; devoid of latex. 

Cannabit lativa, the Hemp, a native 
of Asia, is cultivated tbronghont Burop<>. 
The 3 infloreacences are paaioled di- 
chasia or scorpioid cymes, and ue dis- 
posed oQ both sides of a rudimentary 
■hoot at the apex of the plant ; the $ 
floners are placed singly on both sides of 
a similar shoot, which bears secondary 
shoots in lbs aiiU of ita leaves, eaeb 

ilo>, from the common siiL of having too flowBrB. Tb« tough bast- 

e branch iwiring the flowers fibres are used in weaving and torropesj 
the seeds contain a great deal ol oil. 

I Lvpvlui, the Hop, is both cultivated and fonnd wild. The atent. 

IS the pecniiarity of twining to the right, bears its leaves in pairs ; each 
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leaf has a pair of membranons stipules. In the inflorescence the leaves (bracts) 
are placed singly, and are finally represented only by their stipules. In the $ 
inflorescence, which somewhat resembles a fir-cone, a rudimentary shoot is 
present in the common axil of each pair of stipules, and bears two flowers 
on each side ; it seems at first sight as if two flowers were developed in the axil 
of each stipule (Fig. 380 B). All the scales and bracts are covered, especially on 
the apper surface, with numerous yellow glands. In the S inflorescence the 
shoot which bears the flowers is well developed. 

Order 4. Ulmace-E. Ovary dimerous, sometimes bilocular, but 
generally unilocular by abortion. Ovule suspended and solitary. 
Flowers mostly ambisporangiate, with a 4-6-partite perianth 
(Pig. 381 A), Woodj plants devoid of pailky juice : leaves alter- 
nate, with caducous stipules. The inflorescences (glomerules) are 
borne directly in the axils of the leaves. 

In the genus Ulmus the compact dichasial inflorescences are developed in the 
axils of the leaves (either persistent or deciduous), of the previous year, and 
they are invested by bud-scales ; one or more 
flowers are developed in the axil of each of the 
more internal scales (bracts), and they open before 
the unfolding of the leaves. The ovary is some- 
times bilocular. The fruit is a samara, that is, 
an achene with a broad membranous wing (Fig. 
381 B). The leaves are alternate, and always 
oblique. The annual shoots have no terminal 
bod, and so they form a sympodium. Two species 
of Elm are indigenous in England. Ulmus cam- 
pMtris^ the common Elm, and Ulmus montana, 
the broad-leaved Wych, or Scotch, or Mountain 
Elm: the former has rather slender branches, 
leaves with distinct petioles and crenate serrate margins, somewhat narrow at 
the base, and a seed which is above the centre of the samara ; the latter has thick 
horizontally-spreading branches, leaves with very short petioles and doubly 
serrate margins, broad at the base, and a seed which is central in the samara. 
Celtis australist from Southern Europe and C, occidentalism from North America, 
are often cultivated as ornamental trees ; their flowers are polygamous, and 
are placed singly or several together in the axils of the oblique accuminate 
leaves : the fruit is drupaceous. 




Fio. 

Ulmus 



Flower 
(mag.) : 



of 
d 



381.-X 
montana 
bract ; p perianth ; a stamens. 
B Fruic (samara) (nat. size) : 
m membranous margin 
(wing). 



Cohort III. Amentales. The flowers, which are always dicli- 
nous and generally moncecious, are arranged in catkins (amenta). 
The perianth, when it is present, consists typically of 5 (J) 
segments ; or it may deviate from the type so as to consist of four, 
(i.e, 2 + 2), or six (t.e. 3 + 3) segments : the stamens, when their 
position can be determined, are superposed on the segments of the 
perianth for the reason given in the case of the Urticales (see p. 576). 
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The ovary is cither superior or inferior, di- or tri-merons, with few 
ovules. The fruit (with the exception of Order 7, the Sftlicaceoe) 
becomes by abortion one-seeded, and is indehiscent : the seed has 
no endosperm. The flowers are furnished with bracts which often 
form investments for the fruit : their arrangement in most of the 
orders is as follows ; in the axil of a scaly bract (the bract« being 
arranged spii^ally in the amentum) is a flower (&) with two 
bracteoles a and P, in the axil of each of which is another flower 
with two more bi-acteoles a' and p (Fig. 382). The plants are 
trees and shrubs. 

Order 1. Betulacej:. The flowers are monoecious, but in dif- 
ferent catkins. The § flowers have no perianth : the ovary is 
bilocular, with two ovules : the fruit is one-seeded, indehiscent, 



M 
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Fig. 3S2.— Tjpical diagram of 
a jfroup of flowers in the Amcn- 
talcH : (I bract ; 6 the median 
flower with its bracteoles, a and 
/3 ; h'h" the two lateral flowers, 
with their bracteoles a' and ^'. 



Fig. 383.—^ Scale from a 6 catkin of 
Alnua incnna : the axillary branch adheres 
to the scale («<), it bears four bracteoles and 
three flowers : two of the flowers are seen 
laterally (b' h'), the median one from above ; 
p perianth ; a stamens. B Bract (s) of a $ 
catkin of the same plant : its axillary branch 
bears two lateral branches, each of which 
bears two bracteoles (v v) and one flower; / 
the ovary; n the stigmata (magnified and 
diagrammatic). 

without any investment : the bract is coherent with the two or four 
bracteoles (the bracteoles a' are always absent) to form a three- 
or five-lobed scale, which does not adhere to the fruit. 

Alnus, the Alder. In the ^ amenta three flowers with 'four bracteoles 
(a, (3, ^, ^) occur in the axil of the bract, each flower having a perianth of 
four segments, and four unbranched stamens. In the ? amenta the median 
flower is absent ; the four bracteoles coalesce with the primary bract (Fig. 383 B, 
V 8) to form a five-lobed woody scale which persists after the fall of the fruit 
which is not winged. The <J catkins are borne terminally, and the $ laterally 
on the highest lateral branch, on tie shoots of the previous year; they are not 
enclosed by bud-scales during the winter, and blossoming takes place before 
the unfolding of the leaves. The leaves Lave usually a J arrangement: in 
A. incana, the White Alder, the leaves are acumii ate and gray on the under 
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sarface ; in A% glutinoitaf the black or common Alder, they are obovate or even 
emarginate, and green on both surfaces. In Alnus viridis^ the mountain Alder, 
only the ^ catkins are destitute of bud-scales in the winter : the fruit is winged. 
Betula, the Birch. In both kinds of catkins the three flowers have only the 
bracteoles a and j3. In the S flowers the perianth is usually incomplete, and 
there are only two stamens, the ^laments of which are forked. In the $ 
catkins, the two bracteoles cohere with the bract to form a three-lobed scale 
which falls off together with the winged fruit. The $ catkins are borne ter- 
minally on the shoots of the previous year, and are not covered with bud- scales 
during the winter ; the 9 catkins- are borne terminally on lateral dwarf-shoots 
which have only a few leaves, and they are enclosed by bud- scales during the 
winter ; as a consequence, flowering takes place after the unfolding of the 
leaves. The shoots of successive yeais form sympodia, and the leaves are 
arranged spirally. B, verrucosa has white glands on the leaves and young 
shoots : B, pubeseens has no glands, but the shoots are hairy ; it is a northern 
form : B. friUicosa and B. nana are shrubs occurring in high latitudes : B. alba 
is the common Birch. 



Order 2. Corylacejj. Flowers 
monoecious, in (J and ? catkins. 
The (J flowers have no perianth ; 
that of the ? flower is radi- 
mentary. The inferior ovary is 
bilocular ; one loculus is sterile, 
the other contains two sus- 
pended anatropous ovules : . the 
fruit is one seeded and indehis- 
cent (a nut). Two flowers are 
borne in the axil of the bract of 
the ? catkin, the median flower 
being absent. The one-seeded 
fruit is surrounded by a leafy 
investment (cupule) formed by 
the three bracteoles (a a^/S^ and 
/3 a^ Pj respectively, Fig. 382) of each side. In the ^J catkin the 
median flower only is developed : the filaments of the stamens are 
deeply forked. 




Fig. 38k — Alnus glutinosa, A Branch 
bearing catkins (in winter). B a group of 
<J flovrers (from above). C The same after 
removal of flowers (lateral view). E Group 
of $ flowers, seen from within. F The 
same after the removal of the flowers. O 
a scale from the $ catkin : h bract ; a, /3, fi' 
bracteoles. 



In Corylus, the Hazel, the $ catkin resembles a bud, since the external 
sterile bracts have the same structure as the bud-scales (Fig. 385 B) ; the red 
stigmata project at the top ; the investment of the fruit is irregularly cut ; a 
small projection is formed on the fruit, the nut, by the remains of the epigynous 
perianth. Each bract of the ^ amentum bears two bracteoles a and j3, and a 
flower consisting of four forked stamens (Figs. 385-6). Both kinds of amenta 
are placed in the axils of the leaves of the previous year, and are not eDclose4 
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by lemlci during lli« winter ; benee flowering take* pUc« before the nnfoldiiig 
nl Ibe leftTCB. Leaves diBtJolioni. C Avdiana is tbe eomimm Hasel ; a 
variety of C. lubuloia, with red leaTCB, tbe Purple oi Blood Hazel, is cultiTated 
ai an ornamental ahrub. 

In Csrpiniis, tba Horaheam, tbe Irait hw a three-lobed cnpule (Fig. 887), 
tbe fruit is ribbe>l and is Burmounted b; tb<i perianth. The bract of the S 
catkin bear<i 1-10 deepl; forked Btamena ; there are no hractaoles. The catkine 
olboth kinils are borne at the apex of ebort leaf; shootB ol tbe same year, 
hence flowering takes plaee aitar the unfolding of tbe leavea. Leaves dietichona. 
Tbe anonal sLoota form Bympodia. C. Btiulut has an u*regalar stem and 
Berrate learea which are plicate along the lateral Toma. In Oatrfk (Sonthem 
Enrope) the inTPstment ol tbe [mit ia an open tube. 




3§a.— Ciir)lM At§tta»a. A 

■iuB brucli. B i flower 

C Bnct afUr tbo 



Oi-derS, Fahacks. Flowers monceciona, with a perianth of 
five ov six (wginents. Ovary inferior, trilocnlar, with two OTales 
in each h>cu)ua; ovniea nnatropoaii, ascending or Bnspended ; the 
fruit is one- Reeded and indehiscent (a nat); it is inrested by a 
rnpale formed probably by the connate bracteoles a' ^ a' /S* (Fig. 
;!82), mid having ila surface covered with scales, prickles, etc. 
Tlie tilnments are not forked. 

In Qu^rcns, the Oak. the if catkins are loose ; each braot bears a single 
floner in ilR axil without bracteolea : the perianth is 5-T lobed, and the Ktamens 
from 6-10 or indefinite (Fig. 388 A). There ii a single fiower, the median one, 
in the aiil ot each braet of the $ catkin ; thna tbe cnpule iuTcsts only a 
eingle frnil. and fornis the ao-called onp at its base. The leaves an deteloped in 
J OTilcr. and are apgrrgated towards the apices of the annoal shoots ; the annnal 
»b<'ots are alwavs terminal. The g catkins are borne in the axils ol the 
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npprroiost bud-sonlea (pairs oi stipales) on Ijotb long and dwarf-sboota of the 
same year ; the $ catkins in the aiils of the foliage-leaves of the terminal 
shoots : fiowering takes place shortlj after the unfolding ol the leaves. The 
oTules are ascending. The bjpogean cotjledons remain enclosed in the testa 
dnring germination. Querciu Robur is the English species, of nhi^h there sre 
two Tarieties, Qottcm pedancaUilt and Querent leiiUifiora : the former has 
elongated $ catkins, so that the fruits are widely separated from each other, 
and its pinnslel; lobed leaves are shortly stalked and cordate at the base : 
the latter has compact ? catkins, so that the fraite form a cluster, and its 
lo-ives have longer petioles, and are narrowed at the base. <)iwr.,u< Saber is 
the Cork-Oak of Southern Europe. There are also several North American 
species. 

In Fagus, the Beech, the catkins of both kinds are stalked dichasial clusters, 
borne each in the axil of a foliage-leaf. The flowers have no bracts, or braoteoles, 
except the cupnle of the 9 flower. The flowers ol the pendulous S catkin are 




olosely packed; the; have a periscth ol 4-7 segments, and 8-12 stamens. The 
erect ? oatkiu consists of two flowers only, which are invefited by a tetramerous 
cupuIe. The oupule is covered with hard bristles, and when ripe splits into four 
valves to allow the two triquetrous fruits to escape ; eaob fruit bears at its apex 
H brush-like remnant of the perianth. The ovules are suspended. The $ 
inflorescences are borne on erect axes in the aiiU ol the leaves of the apical 
aboot of the same year, the S on pendulous axes springing from the aiila of 
the lower leaves of the shoot. Leaves distichous, approaching each other on 
the under surfaces of the shoots, their axillary buds approaching each other on 
the upper surface : the winter buds are elongated and pointed. The epigean 
cotyledons escApe from the seed on germination. Fitg<u lylealica is the 
common Beech : varieties with tinted leaves, such as the Purple Beech and the 
Copper Beech, are commonly cultivated. 
In Castanea, the edible or Spanish Chestnut, some of the catkins consist at 
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their lower part of ? flowers and at their upper of ^ flowera, whilst others 
have only ^ flowers. In the axil of each hract there are usually either seven 
S or three 9 flowers : the latter are invested by the bracteoles a and /3, and 
by a oupiile formed by the other four bracteoles ; the oupnle, which is covered 
with prickles, completely encloses the fruit until it is ripe, when it splits into 
four valves. Both kinds of catkins are formed in the axils of leaves of shoots 
of the same year, the mixed catkins being nearer to the apex than the <^ ones, 
The ovules are suspended. The leaves are arranged spirally on vigorous shoots ; 
they are distichous on the less vigorous lateral shoots. C. vulgaris^ from 
Southern Europe, is cultivated in parks ; it has undivided toothed leaves. 

Order 4. JroLANDACE.*. Flowers monoecious, the two kinds of 
flowers being contained in distinct catkins. Each bract bears in its 
axil a single flower with two bracteoles. The ? flower has usually 
a perianth : the inferior ovary is dimerous, and encloses a single 
ei-ect orthotic) pous ovule. The c? flowers are usually borne on the 
bi*act ; they may or may not have a perianth, and the stamens are 

indefinite (Fig. S89A). The 
fruit is drupaceous; the 
leaves are pinnate, and, like 
the flowers, they are aro- 
matic. 

In Juglans the S catkins are 
borne ou the apices of the leafless 
shoots of the previous year, and 
the few- flowered 9 catkins on the 
apices of the leafy shoots of the 
same year. The bracteoles of the 
9 flowers (Fig. 389 /) {.row up 
around the ovary. The succulent mesocarp is thin, and ruptures irregularly ; 
the hard endocarp opens on germination along the line of junction of the two 
carpels, and then the incurved margins of the carpels are seen as an incom- 
plete longitudinal septum projecting between the two cotyledons of the embryo 
which is closely invested by the endocarp. J, regia^ the Walnut Tree, is a 
native of Southern Europe : in North America, J, cinerea and nigra occur; also 
various species of Gary a, the Hickory; remarkable for its very hard wood. 

Order 5. Myricacej:. Trees or shrubs ; the flowers, which are 
diclinous and sometimes dioecious, are arranged in catkins ; perianth 
absent. The ovary is dimerous and unilocular, with one erect 
orthotropous ovule. 

Mytica Gale^ the Bog-Myrtle, is a shrub occurring on moors. M, cerifera, 
belonging to North America, secretes a quantity of wax on its drupaceous 
fruits. 




Fio. ?89.— ^ Hrftct of the <J catkin of Juylanc 
nujra bearing; a flower : p perianth and bracteoles; 
8 HtuinciiH ; X axis of the catkin. B $ flower 
of the same ])lant : I bracteoles ; c perianth ; n 
stif^mata (lua^iificd). 



GHOnP IV. — PHANEI 



DEX. 585 



Order 6. Casuarivacej:. Trees having mpniewhat tlie appearance 
of Horse-tails (Equiaetum), with long channelled intemodes, and 
leaves forming a toothed sheath. The mona-cioas flowers are in 
distinct catkins; the (J flowers consist of a single axial stamen 
(see p. 78) and two perianth-loaves : the ? of a dimerous nni- 
locnlar o^arj invested by two bracteoles, which, when ripe, are 
hard and woody ; the whole ? catkin then reaemblea a pine-cone : 
ovules, generally two, orthotropos, ascending. (For peealianties 
of fertilisation, etc., see p. 528.) 
Several species of Casuarina are indigeDouB iu AnatTalia. 



Order 7. Salicacej;. The dicecions flowers are a 
amenta, and they are borne in the axils of the bracts ^ 
There is no 



■ranged in 
itbOQt any 




. B s Hon 






bracteoles. 

perianth, hut each flower 
contains a glandular disc 
or nectary. The ovary is 
dimerous and unilocular, 
and contains a number of 
parietal ovules. The de- 
hiscence of the fruit is 
loculicidal ; the numerous 
seeds are furnished with 
a pencil of silky hairs at 
their bases (p. 459). The '"'"'■ 

catkins are developed at the ends of lateral dwarf-shoots which 
always bear scales or even, a few foliage-leaves. 

Salix, the Willow or Sallow, hag entire bracts, a one or tivo-tootbed nectary 
in each flower, and usually two BtameiiB, entire shortly -stalked leaves, and its 
wioter-buds are coveted by a scale which is formed by the coalescence of two. 
Theshoota, which growthroughoutthesuinmer, die down yearly. Some species, 
such as S. alliu, fra/jilii, and babylonica, the Weeping Willow, have pendulous 
branches, and are arborescent : most oE them are shrubby, and some, Buch as 
S. rtticu^dia, rtluta, and herbacea are small decumbent sbmbg oc«atriiig in the 
Alps aod Id high latitudes. In >S^. ptiTpurea and incana the two stamens are 
counate : S. Itiaiulra has three stamens. Most o( the species grow on the banks 
of rivers ; 5. auriia and caprea in forests, and S, repent and others on moors. 

Populus, the Poplar, has toothed or lobcd bracts, a cup-shaped nectary |Fig. 
390 C,p), and numerous (4-30) Btamens ; the leaves are often lob ed and have 
long petiules ; the winter-buds are enclosed by a number of scales ; the shoots 
have a terminal bud. In the Section Leuce the young shoots are pubescent, 
and the bads are not tiscid ; the S llowera have usually only from 4-8 stamens, 
and the stigtoata have 2-4 lobes : to this sention belong P. alba, the White 
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Order 4. Nvctaginace*. Perianth & simple whorl, petaloid, 
gHinophylloui;, 5-leaved ; the basal portion persists as an investment 
to the fruit, often becoming snccnlent or woody : stamens in 
preater or smaller nnmbei-s (1-30) ; when isomerons they nsnally 
alternate with the perianth -lea res, bat are sometimes opposite to 
them (Colignonia) : ovary monomerooe, nnilocular, with one basal 
carapylotmpous ovule ; the flowei'S are surrounded by an involucre 
or epicalyx of 3, 5, or many bracts, enclosing 1, 3, or many flowers. 

Slirabilit Jalapa, the Harvel of Peru, ia an ornamental plant from America ; 
the roots are "(ten nubetitated for tliose of the trae Jalnp. Whilst geaersU; 
Hepaloid. tlie iavolucre is petaloid in Bougainvillea where it encloses three 
floivera, Bad in TricycU wliere it encloaea bat one : in the la'ter case, as the 
single flower appears to be terminal, the iiivolueie ma; be more correctly des- 
cribed aa an epicalji □[ broeteoles (eee p. 494). The embryo of Abronia is 
p deado -mouocstf ledoDoa e. 

Cohort VI. Asarales. Affinities doubtful. Flowers mono- or 
ambi-sporangiale : ovary inferior ; ovules nnmerons. 

Oi-der 1. AnrsTOLOCHiACEi;, Flowers 3-6-meroas, ambisporan- 
giate : perianth of three connate petaloid segments forming a three- 
Inbed tube : stamens 6 or 12, with estrorse anthers : ovary nsually 
6-locular, with nnmerous ovules in two longitudinal rowsalongthe 
inner angles of each loculus. The minute embryo is enclosed iu 
tlie copious endosperm. They are herbs or shrubs, often climbing, 
with lai^e leaves. 

In Aiamiii iiiTopiewn (Asarabacca) Die three lobes of the perianth are equal ; 
alteruatiug with them are thre« scales which probably repreaent a corolla : the 
twelve stamens (apparently iu two whorls) 
are free, and the connective is produced (Fig. 
304). Tlie annual sfaoote of the creeping stem 
bear four cataphyllary leaves, two targe petio- 
late reniform [oliage-leaves, and a terminal 
flower. The lateral branches spring from the 
aiits of the uppermost folisge.leaf and of the 
scales. In Aristolochia, the Birtbwort (see 
Fig. 393. p. 456), the limb of the perianth is 
obliquely lipped ; the sin anthers are aesaiJe 
and aduate to the abort style (see p. 518). 
d. Sifiho is a climber (reqnently cnltinteJ : 
rliimi Mc"on'of tlio Hoirer '*■ CUmatili; though not indigenoos, ia 
jiperlanili. (After &«; Us.) found wUd in Britain, generally on ruina ; the 
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flowers of the latter occur asaally several together in the axils of the leaves, 
and those of the former in pairs, one above the other, together with a branch, 
in the axils of the leaves of the shoot of the previous year. 

The presence in Asarum of what is apparently a corolla renders the position 
of this order among the Monochlamydese rather doubtful. 

Order 2. Cytinacej:. Parasites devoid of chlorophyll and with- 
out foliage-leaves, with a usaally deformed vegetative body, and 
either solitary flowers of remarkable size, or small flowers in a 
compact inflorescence. Flowers of various structure, mono- or 
ambi-sporangiate : perianth campanulate : the stigmata and anthers 
are borne on a central column : ovary generally unilocular : ovules 
very numerous, having generally one or two integuments : embryo 
rndimentary : seed with or without endosperm. 

Sub-order 1. CYTiNEiE. Flowers monosporangiate. Cytinus Hypocistis is 
parasitic on the roots of Gistus in Southern Europe ; another species occurs in 
Mexico, and another in South Africa. 

Sab-order 2. Hydnobra. Flowers ambisporangiate. Hydnora is parasitic 
on the roots of Euphorbiie, etc., in South Africa ; Prosopancbe is parasitic on 
the roots of Prosopis in South America : the seed contains both endosperm and 
perisperm. 

Sub-order 8. Bafflesiea. BaiHesia and Brugmansia are parasitic on the 
roots of AmpelidacesB and Leguminosae in the Malay Archipelago : Pilostyles 
belongs to tropical South America. Rafflesia Arnoldi is conspicuous for tUe 
enormous size of its flower.. Brugmansia has ambisporangiate flowers. 

Cohort VII. Santalales. Parasitic plants: leaves, when 
present, entire : stamens equal in number to the leaves of the 
perianth and superposed upon them : ovary inferior, unilocular ; 
ovules usually devoid of integument. 

Order 1. Santalacejc. Parasites provided with chlorophyll : 
flowers generally ambisporangiate : ovules 1-4, suspended, upon a 
free central placenta : perianth 3-5-lobed ; fruit a nut or drupe : 
seed with endosperm. 

The^ium linophyllum^ the Bastard Toad-flax, is an indigenous plant which is 
parasitic on the roots of other plants. The leaves are narrow and linear. The 
bracts of the flowers, which are disposed in racemes, are usually placed high up'*' 
on the pedicels, close under the flowers, and in most of tbe species constitute 
with the bracteoles a three-leaved epicalyx. The stamens are filiform, inserted 
at the base of the lobes of the perianth. The perianth is persistent, remaining 
curled up at the apex of the indehiscent fruit (Fig. 395 B), Santalum albums 
an East Indian tree, yields Sandal-wood. 

Order 2. Loranthace^. Parasites provided with chlorophyll : 
flowers mono- or ambi-sporangiate ; sometimes dioecious : penanth 
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of 4, 6, or 8 leaves : ovary 1-2-meroas : in the free central placenta, 
which becomes more or less closely adherent to the wall of the 
ovary, are developed several embryo- sacs, each of which probably 
represents an ovule, but usually one only is fertile : fruit a berry : 
seed generally with endosperm. 

Viscum albuMt the Mistletoe, is paraf^itic on various trees, forming conFpicuoas 
evergreen bunches. The stem bears a pair of opposite leaves (Fig. 396 6 6), 
from the axils of which new branches spring, each bearing apairof cataphyllary 
leaves and then a pair of foliage-leaves, while the main axis ceases to grow, or 
produces a terminal inflorescence, consisting of three flpwers (Fig. 396 hf): 
branches or inflorescences may also spring from the axils of the cataphyllary 
leaves. The flowers are dioecious. The fruit is a one-seeded berry with a viscid 
pericarp, by means of which the seeds become attached to trees, and thus effect 
the distribution of the plant. The S flowers have multilocular sessile anthers 
which are inserted (Fig. 396 B a) upon the leaves of the perianth. Loranthus 
europceus occurs upon Oaks in Eastern Europe. 





Pig. 395.— -4 Flower ; B fmit 
of Thesium montanum ; /ovary ; 
p perianih ; $ stamens ; n stigma 
(enlarged). 



Fig. 393.— il Terminal shoot of a $ plant of the 
Mistletoe, Viscum album : < stem ; h h leaves ; k k 
axillary buds ; / three $ flowers with the frait set ; 
h 1)racts. B S flower (mag.) p perianth ; a anthers 
adherent to the leaves of the perianth. 



Order. 3. BALANOPHORACEiE. Parasites devoid of chlorophyll 
and without foliage-leaves, with a deformed vegetative body. 
Flowers dioecious or monoecious, in many-flowered inflorescences. 
The staminate flowers have usually a 3-4:-lobed perianth. The 
carpellary flowers have usually no perianth, and consist of a one- 
seeded ovary of 1-3 carpels : the ovule is suspended, and it fre- 
quently adheres closely to the ovary ; an integument is present in 
Cynomorium. The embryo is very small. 

Balauophora, Lophophytum, and others are Brazilian genera ; others 
(Mystropetalon, Sarcophyte) inhabit tropical Africa ; Cynomorium eoceineum is 
found in the Mediterranean region. 
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SUB-CLASS II. POLYPETAL^. 

Flowers usually ambisporangiate : perianth usually consisting 
of calyx and corolla, the petals being free. 

SERIES I. THALAMIFLOR^. 

Sepals usually free : petals often indefinite : stamens hypo- 
gynous, often indefinite : gynsBceura apocarpous or syncarpous. 

Cohort I. Ranales. Flowers generally acyclic or hemicyclic : 
perianth consisting of calyx only, or of calyx and corolla : stamens 
usually indefinite : gynaeceum apocarpoas, sometimes reduced to a 
single carpel ; very rarely syncarpous, with a multilocular ovary. 
Seed with or without endosperm. 

Order 1. Ranunculace-E. Perianth either consisting of a petaloid 
calyx, or of calyx and corolla, usually spiral : stamens numerous, 
occupying several turns of the spiral, or arranged in several alter- 
nating whorls ; anthers usually with lateral dehiscence, sometimes 
extrorse or introrse : carpels numerous, spirally arranged ; rarely 
one only ; the ovules are disposed on the connate margins of 
each carpel, that is, in two rows down the ventral suture; in 
several genera the number of the ovules in each ovary is reduced 
to one, which then originates from either the upper or the lower end 
of the cavity of the ovary : seed with endosperm. They are almost 
all herbaceous plants, and are either annuals or they have perennial 
rhizomes ; they have no stipules, but they have amplexicaul leaves. 

Tribe 1. • Anemonete, Petals generally replaced by stamens : sepals frequently 
petaloid : ovaries numerous, each containing a single suspended or ascending 
anatropous ovule ; fruit consists of a number of achenes. 

The genus Clematis consists of shrubs which creep, or climb by their petioles, 
and have opposite leaves, and a petaloid usually valvate calyx. Clematis 
Vitalba, the Old Man's Beard, is common in hedges ; it has a greenish-white 
calyx, and fruits with long feathery styles ; G. Viticellat patens^ and others are 
cultivated as decorative plants. Atragene alpina, occurring in the Alps and in 
Siberia, has its external stamens converted into petaloid stamiDodes. 

Thalictrum ; the species of this genus, as 2\ majus, minus, flavum, and 
alpiminif the Meadow-Bnes, have stems well covered with leaves, and flowers 
with an inconspicucous, fugacious, 4-5-leaved calyx, and a flat receptacle. 

Anemone has an hemispherical receptacle (Fig. 397 A t), and a petaloid, 
usually 5-6-leaved calyx. In most of the species the underground rhizome 
elongates into an erect scape which bears a single whorl of three bracteoles form- 
ing an epicalyx (p. 494), beneath the terminal flower. In A.nemorosa, ranun- 
euloides, and others, these bracteoles resemble the foliage-leaves, and often bear 
flowers in their axils ; but in A, PuUatillay and others, they differ from the foli- 
V. 8. B. Q Q 
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•Be-le»TOB in that tbey are pattnatiBa (Fig. B97 A h) ; in A. Hepatiea, in which 
the gcapea spring from the axils of cataphyltary leaves, the three bracteolea an 
■imple aod lie »o doaely ander the petaloid caljx that at first the; appeai to 
be the caljx ot the flower. 

J/yoiunu miRimiu (Monie-tail) has a veiy long cylindrioal reoeptaole, bearing 
the indeSDite npiratl; arranged carpels : staDieni 4-Ii ; the 5 aep^e are spnned. 
Adonis, the Pheasant's Eje, faaa completely acyclic flovera; sepals 5, petals S 
or more, not glandnlar at the base ; stamens and carpels indgfinite, arranged in 
■f^ order : A. auivmnalii is the specie* which oocars in England. 

Id BanuncDlus, the calyx, which is not petalaid, consists ot 6 (g) sepals, and 
the corolla of 5 imbricate petals which alternate with the sepals and have ■ 




nectary at their base; the Itsmeiis and carpels are arranged spirally; anthers 
eitrorse ; the ovule is aacendiug. whereas it is suspended in all the preceding 
Rent>ra. The genas includes water-pUnts with tinelj-diYided leaves and white 
flowers, as I!, agualilis. Water Crowfoot, .rtail<iu>. etc. ; and land- or bog-plants, 
usually with a yellow corolla, at R. aerit, the Itullercup, rtptii, bulbotut, and 
KtUnilat (all known as Crowfoot), and Linaua and Flummala (the Oreater and 
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Lesser Spearworts) ; the; are all more oi less poisoDOus. R. Ficaria (the 
Lesaer Celandine) has 3 sepals and ueaall; 8 petals. 

Tribe 2. Helleboreit, Perianth GeaeFBllj consieting of cal;i and corolln, tbe 
latter being occasioDally suppressed; tbe petals are glandular at the base; 
ovaries usually fever ia number tban tbe leaves of [he perianth ; ovules numer- ' 
ous, borne on the ventral suture ; fruit usually consists of several follicles. 
(a) With regular, geaerall; actinomorpbic, flotrers : 

HelleboTus, with acyclic flowers ; sepals more or less petaloid iu § arraDge- 
^ meat ; the petals, which are small and tubular, iu | or ^ ; stamens in ^ or 
j"^; ovaries usually 3-5 (Fig. 397 i>|. H. niger is the Chriatmas Rose; H. 
ciridii aoA fatidai are not rare. Nigella baa 5 petaloid sepals and usually S 
(superposed if 5) small glandular petals : its carpels cohere partially or com- 
pletely, forming a septicidal capsule, Trollius, the Olobe-flower, has 5-15 
petaloid aepaU, and a similar number of small petals which, lilie tbe stamens 
and carpels, are all arranged spirally : T. euTopaiii occurs in sub-alpine regions. 
Caltba, tbe Marab -Marigold, has 5 yellow petaloid sepals, but no' corolla : C. 
paliutrii is common in damp places. Krantbls, the Winter Aconite, bas a 
S-leaved apicalyx, and small petals with long 
claws. Aetna bas a petaloid calys and an 
alternating (sometimes suppressed) corolla ; 
it bas a single carpel which becomes a baccate 
truit : A. apicata. tbe Baneberry or Herb 
Christopher, occurs in woods. A^uilegia. the 
Colnmbtne, has a cyclic flower (Fig. 398) ; 
it has 5 petaloid sepals, and petals with long 
spurs; there are several whorls of stamens; 
A. vutuaris, atrata, Aklei. and others occur 
wild, or are cultivated as decorative plants. 
(6) With irregular dorsiventral flowers; 
Delphinium, the Larkspur, bas the pos- 
terior of the 5 petaloid sepals prolonged into 
a spur ; there are typically 5-8 petals, of 
which only the 2 (B. Ajacit ; see Fig. 328 A) or 4 (D. Staphitagria) posterior 
are developed ; the spnrs of the two posterior petals project into that of the 
posterior sepal : D. Siapliiiagria has 9-5 carpels; D. Coniolida and D. Ajach. 
common garden plants, have usually but one carpel. Iil Aconltum, tbe 
WoH's.bane or Mont's-bood, the posterior of tbe 5 petaloid sepals is large and 
hooded ; the two posterior of the 8 petals have long claws, and are covered by 
tbe posterior sepal, the others being inconspiEuous (Fig. 397 B, e). 

Tribe 3. Paoniea. The perianth consists of calyx and corolla, and the petals 
are not glandular : ovaries with numerous ovules, surrounded by a disc : fruit 
of several follicles. 

In fieonia, the Peony, the Sower is acyclic; the calyx consists of 5 sepals 
which gradually pass into tbe foliage- leaves ; the petals are 5 or more. P. nfficiii- 
alii, torallina, and others are cultivated as decorative plants ; P. Moutan has a 
woody stem and a tabular disc. 

Order 2. Maonoleace-i;. Periantli cyclic, consisting usually of 
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three alternating trimerons whorls, one of sepals and two of 
petals : stamens and carpels nnmerons, arranged spirally : seed 
containing endosperm. Woody trees or shrubs. 

Tribe 1. Magnoliea. Carpels Tery numerous on an elongated cylindrical 
receptacle : flowers inyested by a spathoid bract ; stipules connate. Magnolia 
grandijiora and other species, and Liriodendron tulipiferay the Tulip-tree, from 
North America, are ornamental trees. 

Tribe 2. Illiciea, Carpels in a single whorl on a flat receptacle (Fig. 340). 
Illicium anisatum^ the Star-Anise, is a natiye of China. 

Order 3. Calycanthace^. Flowers acyclic, perigynons : fruit, 
an etterio of achenes, resembling that of the Rose. 

Calycanthus Jloridus, Carolina Allspice, is an ornamental shrub with brown 
aromatic flowers. Chimonanthus, a fragrant shrub, also belongs here. 

Order 4. Nymph j:acej:. Flowers usually acyclic without any 
sharp demarcation between the petals and the stamens : pistil 
either apo- or syn-carpous. Water-plants, generally with broad 
floating leaves. 

Tribe 1. Nymphaina. Carpels connate, forming a polymerons multilocular 
orary which may be either superior or inferior. Ovules numerous, placenta- 
tion superficial : seeds numerous, containing both endosperm and perisperm, 
sometimes arillate (p. 459). The rhizome grows at the bottom of the water and 
throws up broad, flat, cordate leaves with long petioles which float on the surface. 
The flower also reaches the surface, borne on a long peduncle. 

Nymphaa alba, the white Water-Lily, has four green sepals, a great number 
of white petals which, together with the very numerous stamens, are arranged 
spirally, and a semi-inferior ovary, Nuphar luteum, the yellow Water-Lily, 
has a calyx consisting usually of five greenish-yellow sepals ; the petals, which 
are smaller and yellow, are usually 13 in number, and form a continuous spiral 
with the indefinite stamens ; the ovary is superior. Victoria regia, a Brazilian 
species, has peltate leaves of more than a yard in diameter. 

Tribe 2. Nelumbiea, Ovaries numerous, distinct, imbedded in the fleshy 
receptacle : seeds solitary, exalbuminous. 

Nelumbium speciosum is the Lotus of Egypt and Asia. 

Tribe 3. Cabombea. Flowers cyclic. Calyx and coroUa each three- leaved. 
Stamens 3-18 or oo. Ovaries 3-18, monomerous, each with two or three 
ovules attached to its walls or to the dorsal suture of the carpel. Seeds con- 
taining endosperm and perisperm. The submerged leaves are much divided, 
the floating leaves peltate. Cabomba occurs in tropical America : Brasenia is 
widely distributed. 

Cohort II. Menispermales. Flowers usually ambisporangiate, 
sometimes monosporangiateand then frequently polygamous; cyclic, 
typically trimerous: perianth usually differentiated into calyx 
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ftnd corolla, and then either bomoohlamjdeona or heterochlamy- 
deons : stamens usnally 3 or a multiple of 3 : gyneeoeuin trimerons 
and apocarpoDS or synoarpoas, or monomerons ; ovary anilocular, 
with nsnally a single basal or suspended anatropoas or orthotro- 
pona ovule ; seed with or without endosperm ) endosperm some- 
times rnminated. 

Order 1. Menispermaces. Flowers uanally dioeciouB, bat with 
traces of the missing organs ; perianth nsnally biaeriate, hetero- 
chlamydeoas : the calyx, corolla, and andrceoinm have usually two 
whorls each. Carpels nanally 3-6, distinct, one-seeded, bat many- 
seeded in the sub-family LardizaJbete. Seed with or without 
endosperm. They are mostly tropical climbing plants with woody 
twining stems and palmate leaves, 

Tfae Btmctnre of the flower is very variable: pleiotax; is freqaent; thai 
the oalji may consist of 3 or more (8-10 in SjahnaaepBliini) whorla, the 
corolla of 3 vhorls (occasioqall; in Meniapermum), 
the andriBciain of as maaj as 8 wborls (Ueni- 
ipennum, AiiainiTta) : on the other hand oligolaiy 
BometitneB occurs ; the corolla may be completely 
sappreeeed (e.g. Abnta, Akebja), and in the latter 
genua the calyx codbibIb of only a single nhorl. The 
3 floverof CiBBampeloBiadimerouB, and the? flower 
haB a radimentary perianth and a anilocalar ovary 
vitb three stigmata. The endosperm is ruminated 
in some genera {e.g. Anomospermum, Abnta, Chaa- 
manthera): the seed in eialbuminoua in the Pacby- 
gonea (e.g. Facbygone, SjchQaBepaluin, Bameya). 

Order 2. BuRBEaiDACES. Flowers ambisporangiate : the calyx, 
corolla, and androecium, each consist of two di- or tri-merons 
whorls. Gynwceuni raononieroaa ; ovary with nnmerotis marginal 
ovnies. Fruit capsular or baccate, Seed with endospei'm. 

Berbtrli vulgarie ia the Burberry; its floral formula is A'J + 3, C3 + a. 43-1-3, 
G'H; tbe flowers are in pendent racemes, nauaLly without terminal flowers; 
Then a termioal flower is present it is acyclic and its formula is £'S | CS | A5 
{see ¥ig. 311, p. iSS). Fruit an oval berry. Tbe leaves of the ordinary 
shoots are transformed into spines (Fig. 3S), in thn axils of which are dwarf. 
sboote bearing the foliage-leavea and the infloreacences. Epimediam has a 
dimerouB flower ; calyx of 4-5 whorls ; petals spurred. In Berberis, sub-genaa 
Hnhoaia, there are 3 whorls of sepals, and in Nandiaa many whorls tbe inner 
ol which gradually become petaloid. Fodophjilam has eometimes 3 whorU 
of petals (thoDgh the number of petals varies in consequence of oligomery), 
and shows duplication of tbe stamens of tbe inner whorl. The anthers usually 
dehiace by valves, bat ia Podophyllum and Nandina the dehiscence ia longi- 
tudinah 
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Oi-der 3, LAUiiACEi. Flowers ambiaporangiate, or poly^nioas, 
somewhat perigynoDS, nsaally trimerons (sometimes diinerons or 
tetrameroQs) : perianth sepaloid, in two whorls ; stamens d-12, in 
three or foar whorls, those of one or more whorls being freqnently 
staminodes ; the anthers open by 2 or 4 valres, the oat«r introrRe, 
the inner extrorse ; the filaments have glandnlar appendages (Fig. 
400 6 b). Ovary trimerons, nnilocniar, with one suspended omle, 
two of the three locnli being abortive. Fmit a berry or a dmpe. 
Seed devoid of endosperm. 

Tbis OTder is freqaently placed io the snb-claM UonocblAmjdeae ; bnt Iheie 
ttn he no doubt th&t gneh ■ posttion is imsatiaIa«tor; : the order seems nthet 
to be allied to tbe Meaispermfteete. The chief moipbologioal diffioolty is tbe 




'IB. «>1.— FrniC at Uw KnttACft- 
e, Jtliricfioa kohWIk. P Peridrp, 
ir ot a THDOTsd; m ttw Med; • 



iaterpirtatioD of the perianth; GiitMit eonsiEU o[ two vIkhIs, uid ishomo' 
chlamydeous and sepaloid. it mar be regarded as correepondiim to tbe two- 
vborled ealvi nf i,>lher MsDispennaleai tnxu this paint ot liev the iMOXtefm 
voald be held to baT« mv ciirolla : on the other band, the fact that the two 
vborla ai¥ developed difleientlr, tbe sF^iients ot the oatec vborl being de- 
veloped suf^^e^sWelv and those •>( the inner vborl simoltaoeoa^lj', tends to proTe 
thai the I'oter whorl is a mIt-i and tlie inner whorl a eorollA. In Launit aobili' 
vliat appear to be )>etals are exeeptionallv pref«ut in addition to th* two nonnal 
perianth- whorls ; bal these petajs are reallj ftaminodes, dne to petaktid meta- 
niiiriiho^ii of the four !>iain«nii ot tbe exierual whoii. 

These are usuall.T eve^jreen sbrahswidicor>aceoD$ leaves {t^. I/Kmrtt mobUi$, 
the Skivi Bayt ; a few. as Cassvtha. are parasitea resembling tbe Dodder in 
habit. The fl.iweis of the lla; are didinooi^ 

Oiiior +. MiBisno.ur.*:. FKiwors ditpcions, perianth of a 
iiins:rle whorl. ptmophylloMs. S-lolxN.!. Stamens 3-lS (xAerent into 
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3ne basal anatropons 
seed with ruminated 



one bnndle. Ovary monomerous, with 
ovnle : frnit a fleshy two-valved capsnle : 
endosperm. 

Myriitlea nioichata, the Xatmeg, is a. native of Mew Ouinea. The seed ii 
ioTested bj an aril (see p. 459), an integament which ia doTeloped after 
fertiUiation ; it baa a netted or laoiniate appearaaoe (Fig. JOl a) ; it ia known 
a Mace. Seed large, with abundant raminated endosperm ; the 
( la;er of the brown testa closely follows all the windings, and this 
gives the endosperm a marbted appearance. 

The afGnitieB o( this order are doubtful : it is commonly regarded as cloaely 
allied to the Laaracem. 

Order 5. Polygon. 
ACE«. Flowers ambi- 
sporangiate, sometimes 
monosporangiate by 
suppression, trimerous 
(sometimes dimerous), 
with the typical formula 
K3, C3, AS + S, G{'i): 
perianth in two whorls, 
homoch lamydeou s, eith er 
sepaloid or petaloid, 
sometimes reduced to 5 
leaves : stamens in us- 
ually two regularly al- 
ternating whorls ; the 
number of stamens in 
the outer whorl ia fre- 
quently increased by 
duplication ; the number 

of the stamens is fre- anch-leaies. D fruit of RhBom (/i = k outer, d inner 
queutly reduced by sup- P«"anth.whorl (snlarged). 
pression. Ovary usually trimerons, nnilocalar, with a single basal 
orthotropous ovule. The fruit is more or less enveloped by the 
persistent perianth (Fig. 402 C). The seed contains endosperm, 
in which the straight or curved embryo ia imbedded. The leaves 
have sheathing bases, and connate stipules (Pig- 402 A), forming 
an ocrea (see p, 48) which embraces the stem for some distance 
above tlie leaf-sheath (absent in Eriogonnm). 

This order, like the Laurace^, is commonly placed in the Monochlamydeie, 
and the iuteipretation of the two-whorled perianth preseuts the eame difficulty 
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and may be regarded from the two points of view in both orders (see 
Laoraoeie)* 

The typical stmctnre of the flower is to be found in the genus Pterostegia. 
As regards the perianth, it is dimerous in Ozyria, it is 5-leaved in most species 
of Polygonum, in Coccoloba, Mnehlenbeckia, etc., and is apparently qnincuncial 
{^) ; howeyer, the development of the flower shows that this is not really the 
case, but that it is the result of reduction by the absence of the anterior seg- 
ment of the inner perianth-whorl : it may be mentioned further that when the 
perianth is trimerous, there is (if any) but a single prophyllum, whereas when it 
is pentamerouB there are two prophylla. As regards the androecium, in a trimer- 
ous flower, only a single whorl of stamens may be developed ; either the outer 
{e.g. Rumex, Koenigia, as also in the dimerous flower of Polygonum diospyri* 
folium) t or tbe inner (Leptogonum). Duplication obtains in the single whorl of 
stamens of Bumex and Polygonum diospyrifolium^ and in the outer whorl of 
many genera, in which either all the typical number of stamens are duplicated 
(e.g, Bheum, Ozyria), or some only {e,g, species of Polygonum, in which also 
suppression is frequent). It is important to note that the number (usually 5-8) 
of stamens in a flower with a pentamerous perianth bears no direct relation to 
the number of the perianth-leaves ; whereas in dimerous flowers the number of 
the stamens is a multiple of 2. In some rare cases the number of the stamens 
is large (12-50). When two whorls of stamens are present, the outer being dupli- 
cated, it is frequently the case (e.g. species of Polygonum) that the anthers of 
the external stamens are introrse and those of the inner stamens extrorse. 
The gynflBoeum is sometimes dimerous when the perianth is pentamerous [e.g. 
Polygonum orientate^ amphibium and other species) ; always when the perianth 
is dimerous. The endosperm is sometimes ruminated (Coccoloba). The British 
genera are the following: — Polygonum, the Bistort or Enot-Grass, of which 
there are many species (e.g. Bistortay Uydropiper^ Peraicariat amphibium^ avU 
culare, Convolvulus) ; Bumex, the Dock or Sorrel, the leaves of which contain 
a large quantity of oxalic acid ; Oxyria, the Mountain Sorrel. 

The most important economic plants are: — Bheum, the Bhubarb; the 
Bhubarb of the pharmaoopceia is obtained from R. palmatum tungutieum and 
R. officinale (China) ; the garden Bhubarbs are R, rhaponticum and undulatum : 
Fagopyrum esculentumf the Buckwheat. 

Order 6. Ceratophvllace^. Submerged w^ater-weeds of doubtf al 
affinity, with w^borled sessile leaves dichotomously branched and 
subdivided ; in the axils of some of these the diclinous flowers 
occur. The (J flowers consist of from 6-12 perianth-leaves and 
about as many stamens ; the ? flowers have a similar perianth and 
a monomerous ovary with a single suspended orthotropons ovule : 
seed with endosperm. 

Ceratophyllum demersum and submersum occur submerged in ponds and 
ditches. Pollination takes place under water, and in correlation with this the 
wall of the pollen-grain is not cuticularised (see p. 434). 

Cohort III. Caryophyllales, Flowers cyclic, generally actino- 
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morphic and pentameronB, sometimes monochlftmydeons : calyx 
of ten gamosepaloas ; stamens nsoally definite; ovary nntlocnlar, 
with basal placenta : seed with perisperm. 

Order 1. CAKTOPHTi.t.ACK«, Flowers generally pentamerons, with, 
calyx and corolla, though the latt«r is suppressed in some cases; 
sepals distinct or coherent ; stamens in two whorls (see p. 503), 
of which the inner is often wanting ; ovary 2-, 3-, or 5-meronB, nni- 
locnlar, or maltiloRuIar at the base, with a central placenta or 
with a single basal ovale: frnit nsaally a capsnle : leaves opposite, 
decussate : stems nsually tnmid at the nodes. 

Tribe 1. AUinta. The corolla and the ioner wholl of stamenB tire nanslly 
present; the calyi is eleutheroBepalous ; frait a okpenle ; asnall; no Btipnles. 

The Britisli genera are Sagica 
( Pearl- vort), Aranaria (Sand- 
wort), CeiftBtiam, Stellaria 
(Chiek-veeds and Stitch-worts), 
Bpe Tgula( Bpnrre; ) , Lepigonam , 
BoloBtenm, Mitnahia ; they 
are mostly small herbaceooB 
plants with white petals, ooour- 
liug in meadows, on roadsides, 
etc., bat species of Lepigonam 
(Spergolaria), the Sandwort- 
Sparrey, and Arenaria {Hoiic- 
kenya) peploidei. Sea- Purslane, 
grow on the aea-coaat ; they 
ue distingaished from each 
other prmeipally by the number 
ot carpels present, and by the 
mode ot dehiscence of the fruit. 

Tribe 2. Silenea. The corolla 
and the inner whorl of stamens 
are always present : the calyx is gamosepalous ; stamens 10, Glamenta connate 
St base: the fruit is a capsule (in Cucubalus a berry): the leaves have no 
stipules; the floral axis is often elongated between the calyx and the corolla 
(Fig. 403 v) : the petals (as in Lychnis and Sapouaria) oflen have ligular ap- 
pendages (Fig. 403 X : see p. 515). 

The species of Diantbns, the Fink, which oommonly occur wild are D. Mtoidei, 
D. cieiiHi and D. Armeria; D. Caryophylliii, the Carnation, and D. chiHentii, 

e well-kDOwD garden flowera : tbere are two styles, and the calyx 
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s base by brscteoles. I'he gi 
bracteolea ; S. offleinalu, the Soap-wart, occ 
genaa Silene (Catehflj) has three styles ; J 
common in meadows. The genus Lycbai 
species alba {vetpertina] and diiirna are dicec 
a Gelds. 



I Saponaiia bas two Etylea but no 
rs on the banks of rivers. The 
. infiatu, nutaiu, and others, are 

(Campion) has five styles; the 
iub; L. Gilhago, the Coru-oockle, 
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rio*l. Dieentra ipeetabilu i» t, lavonrite ornamental plftnt ; both the enter peta'i 
are Bpnnred, tbe two inneT petals are hollowed at their apioea, so that the; 
completel; enclose the anUiers. In HjpMonm the flower is i»obilaterallj ijm- 
tnetrical, but the petals are not spacred, and there are four Btamena, two lateral 
forming the onter whorl, and two antero-posterior forming tbe inner whotl: 
fruit Qinall; indehiaeent. In Cotydalis and Fnmaiia only one of tbe oater 




Kio.ME.— J FIOHcroT DiMittHiiMelaMii: on* at ch« onur petal* is r« 

wiihin: /fllamanU; <tha middle conplstaaattaeri a,a,lheluenlhalf.u 
bud, wltlitbsaapali, wbKAaooDfalUnuilladtaeriDKWi (nat-aiie). : 



petals ia apnired. and oonseqnentlj tbe flower ii irregnlai and laterallj zygo- 
morphic. InCorydalia the fruit ia a t«ro-v»lvedaapMile with ouineronB parietal 
aeeds : some species, e.g. C. cava and tolid^, have a taberona roalatoek; otbera, 
as C. tu'ea and aiirea, hare rbiiomea. Fumaria offleinalit and others (Fami- 
torieg) are common in fields; tbe ovaries contain but few ovnles, and o( tbeee 
onl.T one ripens to a feed ; frnit globose, indehiaeent. 

Order i CkCCIker.e. Flowers refpilar, isobi lateral : floral for- 
tiinla K->^-->, Cx4, ^2 + 2*. (7^. The fonr petals form a whorl, 
alternating with the foar sepals as if the latter formed one whorl ; 
. there are, however, three perianth- whorls, as 

in the two preceding families; bnt whereoH 
in them only the ontermoet whorl is sepa- 
loid, in this family the two outer whorls 
are sepaloid, and the innermost, which alone 
is petaloid, is a whorl consisting of four 
instead of two members. The two onter 
Fitt. tM.— iMagnu ot lbs Stamens are lateral, as in those families -; tbe 
it,.w«orCrttcii«n». ^^^ inner ones, which in most Fnmai-iacetB 

iin' appurontlr divided, are here dnplicate, having longer filaments 
(\r"\^. 40r BhlA than the outer ones (o); hence the flower is tetra- 
■f^'KiMoti.^ I'here are u^nallv fonr, sometimes more, glands at the 
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base of the atamens (Fig 407 JBd), The ovary consists of two 
carpels with the ovnles ia two longitndinal rows on the connate 
margins of the carpels ; these two parietal placentie are ootmected 
by a membranouB growth which, as it is uot formed of the mai^ina 
of the carpels, must be regarded as a spnrions dissepiment (Figs. 
407 D* E*v, 342 Cic). When the fmit opens, the pericarp splits 
into two valves corresponding to the carpels, leaving their mar- 
gins, as a frame or repium, bearing the placentee with the spnrions 
dissepiment attached : the seeds remain attached to them for some 
time (Fig. 342 0, p. 530). 
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The flowers are in racemes in which the bracts are soppressed ; 
when the lower pedicels are longer than the upper ones, the raceme 
beconaes a corymb, and then the lower flowers are usually zygomor- 
phic, the petals turned towards the periphery being larger than 
those directed towards the axis of the inflorescence, as in Iberis. 

The form of the frnit is of importance in the subdivision of this 
order. In some genera it ia much longer than it is broad, when it 
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is termed a siliqna, (Figs. 407 0, 342 C) ; in others, it is not much 
longer, or about as long as it is broad, when it is termed a silicula 
(Fig. 407 D and E). The latter is commonly somewhat com- 
pressed in one direction ; either par0.11el to the dissepiment, that is 
to say laterally (Fig. 407 E and E*), so that the dissepiment lies 
in the direction of the greatest diameter, when it is latiseptal ; or 
perpendicularly to the dissepiment, that is in the median plane, 
so that the dissepiment lies in the narrowest diameter, when it is 
angiistiseptal (D and D*). Fruits with only one or a few seeds, and 
which are indehiscent, are confined to only a few genera, such as 
Isatis (Fig. 407 F). So likewise is the jointed siliqua, which has 
transverse dissepiments between the seeds ; when they are ripe it 
divides transversely into segments, as in Raphanus (Fig. 407 G). 

The seed is exalbuminous. The embryo is folded in the seed 
in various ways ; the radicle may lie in the same plane as one of 
flat cotyledons (Fig. 407^), when the cotyledons are said to be 
i7icumhent, Notarhizece (the diagram being O ||) ; or the radicle 
may occupy the same position, the cotyledons being folded (Fig. 
407 /), when the cotyledons are said to be incumbent and folded^ 
OrihophceoR (diagram of section O ^) ; or, thirdly, the radicle may 
be lateral to the two cotyledons (Fig. 407 H), when the cotyledons 
are said to be accumbent, Pleurorhizem (diagram O =) : more 
rarely the cotyledons are spirally rolled so that in a transverse 
section they are cut through twice, Spirolobece (diagram O || ||) ; 
or, finally, they may be doubly folded, and be seen four times in 
a section, IXplocolobeoe (diagram O || || || ||). The seeds contain 
much fatty oil. 

Snb-order 1. Siliquo&s. Fruit a siliqua, much longer than it is broad. 

Tribe 1. Arabidea. Q =. Cheiranthut Cheiri^ the Wall-flower, and Matthiola 
anniia and incaHa^ the Stocks, are cultivated as garden-plaihts. Nasturtium 
ojfficinale is the Water-cress. Barharea vtUgarii is the Yellow Boeket. Garda- 
mine (incl. Dentaria) also belongs to this tribe. 

Tribe 2. Sinymbrifa, O I • Sisymbrium officinale, the Hedge-Mustard, is 
cnmmon on rubbish heaps ; an I Erysimum, the Treaele-Mustard, on walls, etc. 
Hespt'ris is the Dame's Violet. 

Tribes. Bratiicete. 0\' The species and varieties of Brassica are much 
cultivated. Brassica oUracea is the Cabbage, with the following varieties; 
acephala^ Scotch kale, Cow-cabbage or Borecole; bullata, the Savoy-cabbage; 
capitata, the red and white Cabbage; caulorapa, with the stem swollen at the 
base, is the Kohlrabi; Botrytis, with connate fleshy peduncles and abortive 
flowers, is the Hroccoli (asjHiragoides) and the Cauliflower (caulijiora); gemmifera^ 
with numerous lateral leaf-buds, known as Brussels-sprouts. Brassica cam- 
petiris is the wild Navew; it includes the following sub-species: Rapa, the 
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wild Turnip, with bright green hispid lenvea and flat corymbs of flowers, among 
the cultivated varieties of nbich is the var, deprtiia,ihe Turnip: Napui, the 
wild Kape, with glabrous glaacous leaves and long racemes ol flowers, several 
TarietieH of which are callivated for their oily seeds, and one (var. eiculenta, 
the Teltoiv Turnip) for its fleshy root; Napabratiica, the Turnip-cabbage, 
including Eutabaffu, the Swedish Turnip, fl: cavipettris oUifera ia the true 
Colza or Coleseed, from the seeds of which colza-oil ia obtained. Srasnca 
{SinapU) nigra and alia are the black and white Mustard. Braiiica Sinapu 
{Sinapii arveniiij is the Charlock or Corn-Mustard. To this tribe belongs also 
the genns Diplotaxis. 
< Sub-order 2. Hilicclosx. Fruit a silicula. 

A. Laiiiepta. The dissepiment is iu the longest diameter of the ailioula. 

. Tribe 4. Alyisine/e. Q ~- Cochlearia ojieinalii ia the Scurvy- grass ; C. 
Armorada, the Horse-radish, has a Ihicteoed root. Atyssum calacinum and 
DTaba [ETophila] verna, the Whitlow-grass (Fig. 407 £), are common weeds; 
Lunaria biennu is Honesty. 

Tribe 6. Camelinea. Ql] . To this tribe belong Camelina (Gold -of- pleasure), 
and Subularia, the Awl-wort, an aquatic plant. 

B. AngwUieplsc. Tbe dissepiment is in the shortest diameter of the silicula. 
Ti-ihe 6. Lepidlnea. Q n . Captella Bursa PatlorU, the Shepherd's Purse, 

is common, as also various species of Senebiera and Lepidium (Cresses). 

Tribe T. Tlil-itpidea. Q ~. Various species of Thlaspi, the Fenny-Cress, 
are eommou. To this tribe belong also the British genera Iberia (Candytuft), 
Tee>dalia. and Hutchinsia^ 

Sub-order 3. NcccuBNTiiCE:^. Silicula indehiscent, few-seeded. 

Tribe 6. Iiatidets. Iiatii tincloria, the Woad, has compressed, pendnlons, 
unilocular, one-seeded fruita (Fig. 407 F] : the leaves yield a blue dye. 

Bub-o'der 4. Louesticbx. Fruit a siliqua or silicula, constricted into one- 
seeded segments {lomentaetotu) (Fig, 407 G). 

Tribe 9. Cakilinea. Bilioula two-jointed, 
Thia tribe contains the genera Cakile, tbe Sea- 
Rocket, and Crambe, the Sea-Kale. 

Tribe 10. Raphanta. Silicula more or leas 
moniliform. Jtaphaniu lativua is the Radish ; 
R. Raphanutrum, the Wild Radiah or White 
Charlock, is a common weed. 

Order 4. Capparidace^. Flower iso- 
bilateral; formula jr2-i-2, C x 4, .^2-(- 
2» or x , G^ or 5c : stamens 4 or more, 
.when 6 very rarely tetradynatnoiis : 
gynteeeuni borne on a special prolonga- 
tion of the axis (gynophore, p. 495) 
(Pig.408()- Fruit a siliqna or a berry. 




The flower-buds ol Capparii 



la from tbe South of Europe are knonn a: 
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Order 5. Resedackx. Flowers irregnlar, dorsiveDtral : sepals 
and petals 5-8, the latter laciniate : stameDS nameroas : carpels 
2-6 connate, formtng a nnilocniar ovary, open at the apex, with 
numeroDs ovnles ; seed without endosperm : inSorescence a 
raceme, withont bractoolea. 



Weld, jields k yellow dje ; B. odorata ia 



StMtda LttteoUt, (he Djer'B Weed, o 

Mignonette. 

Order 6. Cistacex. Flowers asnallj actinomorphic and [»enta- 
merona : the two estemal of the five sepals are generally smaller, 
and sometimes they are absent : stamens nnmerons, in conse- 
qnenee of multiplication ; carpels 3-10, forming a nni- or mnlti- 
localar ovary; ovnles orthotropons ; seed with endosperm. 
Trees or shrnbs with generally opposite stipalate leaves. 

CiatDxhaBa-lOearpebfonniiig ft chambered or oompletelrmnltilocnlaroTaqr. 
CUuu ladani/erui, creticut, and other speoiea, grow in the sooth ot Eorope ; 
a balsam ix derived from tham. Helianthemiim has a aniloeular trimerons 
oTu; : Belianthetnum vulgare, the Bo«k Bose, is an nnder-ahmb wbioh growa 
wild on d)7 soils. 

Order 7. BiXACEiE. The seed of Biea orellana, a native of 
America, yields an orange-col on red dye known in commerce as 
Annatto. 

Order 8. VioiACE*. Floral formula £5, Co, A6, 0'^: flowers 
anatropoas : f rait a locniicidal 
capsale (Fig. 4090): seed 
with endoaperm. The 
indigenous species have 
irregular dorsiiventral 
flowers ; the anterior in- 
ferior petal is prolonged 
into a hollow spur (Fig. 
409 A cs) in which the 
nectar secreted by the 
spnr-like appendages of 
the two lower stamens 
collects (Fig. 409 A fa). 
The sepals are prodnced 
at the base (Fig. 409 
A h). 

YioU ia the Yiolet, Pans;, or Heart's-ease :— man; Epedes, aa F. oiorala, the 
Sveet Violet, have only an ondergroand etem which beaia cataphjllaij kavM, 



always borne laterally: 
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and whiolt throws up petiolate foliage-IeaTes, and bracteolate peduncles each 
bearing a single flower : V. odorata has runners, bat hiria and collina have 
Done :— in otlters, ae V. canina, the Dog-Violet, the main etem is above groand 
and bears the toliageJeaves : — in V. mirabilii these two forms are so combined 
that, in tbe spring, flowers are developed from the rhizome which hara large blue 
petals but are always sterile ; it is not till later that inconspicuons (oleistoga- 
mons, p. 453) Sowers with minnte petals appear on the leal; stem, and these 
onl; are fertile.: — in V. tricolor and its allies the stipnlas ore leal; an! 
pinnadSd. 

Cohort V. Sarraceniales. Flowers regalar, generally actino- 
morphic, sbmetimea monochlamydeoas ; stamens often namerons, 
orarj ayiicarpous, noi- or mnlti-locnlar ; placentation various ; 
seeds many, with endosperm ; 
leaves adapted in variona ways 
for the capture of insects. 

Order 1. Saeeacbniacej;. 
Flowers $, nsaally dichlamy- 
deons, hemi cyclic ; stamens 15 
or more : ovary either unilocular 
and more or leas chambered, or 
3- or 5 -locular ; placentation pa- 
rietal or aiile : leaves pitchered 
(Fig. 410). 

This order includes the three her- 
baceons genera Sarracenia, Darling- 
tonia, Bud Ueliamphora. Tbe two 
former have pentamerons dichtam;- 
deons flowers, each borne singly on a 
pednucla ; the sepals and petals are 
Id J arrangement, and the stamens 
are indeSnite in Sarracenia and 15 In 
Darlingtonia ; carpels 5, antisepalons 
in Sarracenia, antipetalous in Dsr- 
lingtonia : they grow on moors and 
marshes in North America. Heliam- 
phora bfars its flowers in racemes ; 
the flower has a simple petalold peri- 
anth, indefinite stamens, and a trilooalar ovary ; 

Order 2. Nepenthace*. Flowers dicecions, monochlamydeons, 
tetraineroQS : stamens generally 4-16, coherent into a central 
^olama ; ovary qnadrilocalar, with axile or somewhat snperlicial 
placentation: leaves pitchered (Fig. 37, p. 58). 




i native of British 



608 PAET III. — THE CUSSIFICATiON OF PLANTS. 

Thii tropidftl order indudM the sU^e geDiu NopentheB, with abont 40 
gpeoieg, ehiefl^ inhabiting tfaa. Malay Archipelago, bnt aitending to Cajlon, 
AuBtialia, the SeyohelleB, aad Madftgnaur: the; are moatl]' olimbing Bhrab« 
with [eaf-tendriU. 

Order 3. Dboseracex. Flowers 5, dicTilamydeonB, generally 
pentameronB : stamens 5 or 5* : carpels 2-5 ; ovary nsoally uni- 
locnlar frith p&rietal plaoentm : leaves not pitchered. 

Herbaeeona planta, oouetitittiiig the six genera Dionna, Aldiovanda, Borldnla, 
fi^blia, DroBera (the Sandew) and DroaophjUnm : in Dionna, AldroTanda, and 
DroBOphyllnm, the gjaieceam consists of 5 antipetaloni carpels, and the OTary 
IB anilocQlar; in Droaera and Boridula the gyniecetun U ngnally trimerona, the 
ovary nniloeular in the former, trilocnlar in the latter; in Byblia it is dimerous 
and hilocnUr. The leaf-blade of Dionaa (Venus' Sy-trap) and ot Aldroranda 
is sensitive to touch, the tno halves closing aharpl; along the middle line when 
irritated : the leaves o[ the other genera are provided with irritable glandular 
tentaoles (see Figs. 43, 43, p. 66). Aldrovanda (A, vttieulota) is a rootless, 
floating water-plant. 

Cohort VI. Guttiferales. Flowera asoally cyclic, generally 
actinomorphic, and pentameroas : sepals nsoally free, with 
imbricate Kstivation ; stamens nsnally indefinite : gynnceam 
syncai^os, ovary nni- or mnlti-locnlar : seed ezalbnminons. 

Order 1. Hypkr[Cace^. Formula nsnally Ki, C5, A0 + 5<x>, 
<?" ; or JO + 3» , Q^- Sepals sometimes nnited at the base ; sta- 
mens usually indefinite and polyadelphons ; 
when in five bundles, the bandies are snper* 
posed on the petals ; this position of the 
stamens is generally attributed to the snp- 
pression of aa outer whorl of stamens which 
is indicated by staminodes in species of all 
the genera : ovary nni- or multi-Ioonlar, or 
Fio. in.— Dta^rain ot Biany-chambered ; capsule septicidal ; ovules 
Hypericnm. nnmeroua, anatropons ; placentee parietal or 

axile. Herbs or under-shrubs with decussate entire leaves, which 
are dotted over with translucent oil-glands ; ezstipulate. 

The following are examples ot the different relative numbers ot itamiiutl 
bundles and of carpels : — 

Staminal biwdlea S, carpels 6 : Hyptnaim ealyeiman, 

Staminal bnudles 3, carpels 3 : H. haimjiuum, Ainutum, monfaiiuiii, j>er- 

/oralunt, UTufuEatum, baTbatma. 
Staminal bandies 5, carpels 3 : B. Anirotamvm, Idreimaa, elatwn. 
Staminal bundles S, carpels 6 : K. peplidifolium. 
All these speoiee, eieept the last (St. John's Worts, or Tutsans), ooeur wild in 
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Order 2. TAMARiCACEiE. Flowers 4- or 5-merons, with one or 
two whorls of stamens : calyx gamosepaloas : ovary usually tri- 
merons, nnilocnlar, with basal or parietal placentation : capsule 
loculicidal : seeds with hairs : flowers in racemes or spikes. 

This order inclades the shrabs known as Tamarisks: Myricaria, Tamariz, 
Beaamuria, and Fonqoiera. Myricaria (TamaHx) germanica has monadelphous 
stamens. Tamarix gallica (or T, anglica) has become naturalised in England. 

Closely allied with this order and with the ElatinaceaB is the small order of 
Fbankeniacbje ; the flower resembles that of Tamarix in the gamosepalous 
calyx and in the morphology of the gynsBceum : Frankenia Uevis, the Sea-Heath, 
occurs in salt-marshes in Britain. 

Order 3. Elatinacej:. Small water-plants, with entire stipulate 
leaves opposite or in whorls : flowers 3-4-merous ; formula ^n, 
Cn, An + n, &^ ; solitary, without bracteoles, borne in the axils of 
the foliage-leaves : ovary multilocular. 

E. hexandra and Hydropiper (Waterworts, or Water-peppers) occur, but not 
commonly, on the margins of lakes in England. 

Order 4. Ternstrcemuceji. Perianth spiral ; the calyx is not 
clearly distinguishable from the numerous bracteoles : stamens in- 
definite : ovary multilocular. Trees or shrubs with scattered, 
generally coriaceous, entire leaves, without stipules. 

Camellia Japoniea is a favourite ornamental shrub : Thea chinensis, of which 
the dried leaves are tea ; black and green tea are varieties resulting only from 
the mode of drying the leaf. 

Order 5. Clusiacej: (Guttiferj:). Trees or shrubs with di- 
clinous flowers. 

Order 6. DiPTBROCARPACEiB. Trees : leaves usually stipulate : 
the gamosepalous caljx enlarges very mach daring the ripening of 
the fruit. 

Dryobalanopt Camphora^ a native of Sumatra, yields the Borneo Camphor. 

Cohort VII. Mai vales. Flowers cyclic, generally pentamerous 
and actinomorphic : calyx often gamosepalous, with valvate aesti- 
vation: corolla with usually contorted sBstivation: stamens typi- 
cally in two whorls, frequently obdiplostemonous, sometimes 
branched, and often connate : carpels usually five and then anti- 
petalons, often forming a multilocular ovary : seed usually with 
endosperm. 

Order 1. TiLUOEii. Sepals usually free: stamens 10 or 
indefinite, sometimes polyadelphous ; in the indigenous species the 
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Htamioal whorl opposite to the aepals iB sappreesed, and there are 
5 antipetaloas stamioal bandies; aathers 4-locaIar, openiog hj 
pores or valves ; gynsecenni usually completely syacarpous ; style 
1 ; ovary asnally 5-IocDlar, each localns containing two ovules ; 
bnt the froit is generally only oae-seeded. Uostly trees or 
shraba: leaves alternate, stipnlat-e. 

The oDly indigeaous geont is TilLa, the Lime-tree. It has oblique leaves with 
deoiduouB stipnieB ; the anntul shoots have not a tenninal bad. Tbe inflor- 
eeceooe is cpnoae, letr-flovered : the 
pedancle is adnate to tbe leat; bract ; 
this is brouglit about in the following 
manner ; in the axil of the lea<res 
there is usually a bud, together with 
an infloreacence (Fig. 412): the bract 
(Fig 412 h) and the budseale, which 
is opposite to it, ore the first two 
leaves ol the axillary tOioot which is 
terminated by the inflorescence, the 
peduncle ot which is adnate to the 
bract tor some distance : the bud is a 
wioter-bud developed io the axil of 
the above-mentioned bud-scale. The 
inflorescence itself terminates in a 
flower ; other flowers are borne in the 
aiils of its two bracteoles, aud other 
flowere again may be dereloped in the 
axils of their braeteoles, and so on. 
T. platyphyUot, the large-leafed Lime, 
has a few-flowered inflorescence, and 
leaves which are bright green and 
downy on the under surface; T. eor- 
data has an inflorescence which con- 
sists ot a large number of flowers, and 
has email leBTCs which are bluish- 
green and pubescent with red hairs on 
the nnder surface. T. iiilgarii is the 
common liime. In the American 
species tbe imiermost stamens are 
staminodia. Corchoma, in the East 
Indies, yields Jate, which consists ot 
tbe bast- fibres. 

Order 2. Stibchliaces. 
Calyx gamosepalous : androecinm obdiplostemonons ; the Btamens 
which are opposite to the petals are 5 or multiple, sometimeB 
more or less monadelphous ; those which are opposite to the 
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Repals are staminodes or they are aappreased ; antihera 4-Iocnlar : 
the corolla is sometimea wanting' ; gynteceiim nsnally eyncarpous, 
with a single style aad a 5-locular ovary with 2-cio seeds in each 
locnlna. Flowers sometimes diclinons (Stercntieae) . 

Theobromo Cacao is a tree of tropical Amsrica, the seeds of vhich contain a 
nitrogenous substaDce Theobromine and a fixed oil ; from them Chocolate is 
prepared. The aeeda of ota acuminata, a tropical African tree, have similar 
properties. 

Order 3. Malvaces. Calyx usually gamoaepaloua, frequently 
invested by an epicalyi (p. 494) ; the corolla is adoate at the 
base to the andrcecium : the typically obdiplostemonous andrm- 




cium is a long tube (Fi^. 4|3 A) consisting of five monadelphoua 
Qsnally branched atamens which are opposite to the petals, each 
branch bearing a bilocular anther ; there is sometimes an inner 
series of stanjinodes opposite to the sepals; carpels 5-oo; styles 
many, connate ; the gyofecenra is sometimes almost apooarpons 
(Malopete) ; nsually syncarpous with a raultiiocular ovary, split- 
ting into cocci (Fijr. 413 G D), with nsnally one ovnie in each 
coccns (p. 530), or a loculicidal capsule (Hibiscete), Under- 
shrubs or herbs : leaves stipulate and genei-ally palmately veined. 
Malta, the Mallow, has an epiealjx of three brncteoles, Hibiscoe has one o[ 
msnj braoteoles, and Althsa has one of 6-9 bracteoles : Althica rotea is the 
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Hollyhock, and A. officinalU is the Marsh-mallow: several species of Malva are 
indigenoas, M. $ylvestris^ rotundifoUa^ and mo9ehata : Qosaypium herhaceum 
(with the Tars, religimum and hinutum) and G. arboreum in Eg3rpt and the East 
Indies, and G. harbaderue (with var. peruvianum) in America, yield Cotton, 
which consists of the long hairs on the testa of the seed. 

SERIES n.— DISCIFLORE. 

Flowers typically encyclic and generally pentamerons, often 
obdiplostemonoDS : sepals free or coherent : petals in a single whorl : 
stamens usually definite, and hypogynoos: a disc is usually present: 
gynjpceum generally syncarpons. 

Cohort I. Geraniales. Flowers nsnally pentamerons through- 
out; formula Ko, C5, | ^5 + 5, G^; generally obdiplostemonous : 

the carpels are opposite to the petals : 
oyary usually 5-locular, with 1 or 2 
suspended ovules; the micropyle is 
directed inwards: disc various or 
wanting. 

Order 1. Geraxiacels. Disc usually 
represented by a gland at the base of 
and outside each of the antisepalous 
stamens : flowers usually actinomor- 
phic : stamens connat-e at the base : 
the carpels are prolonged into a car- 
pophore (Fig. 414 A o) ; two ovules in 
each loeulus; the fruit is septicidal 
from below upwards, the awns of the 
separating carpels (cocci) rolling up 
r* {^^S- "^^"^ ^)- Seed devoid of endo- 

sperm. Herbs; leaves simple, stipu- 
late. 




ri«, 414.— rraji of G^mumtB. A 

4»ce: : / loctth ixf Ik* oT-arr ; « in F Geranium has 10 stamois : in most species 

th*«w«: -Mirma; « aa^ k cmtv>. th* «ed it exprfled an the sadden rolling up 

of th« awn : Gtramimm prmUHse, sylraticum^ 
M»#«t»rtiw, «^^l^»?>«llM»^ and other spe<^<tss the CraneVbills, are wild in Eng. 
land; (i. K«^r;i.}iiiifm^ H«cl^Kob<Mn, i$ mnitvrEiallj distributed. Erodiom, the 
8tork'$-bil)« ha$ tb« c* $taxit«n« whkh ai>» opposite to the petals transformed 
intc suuuint>dii« ; K, cii^tmrium i$ oiMOunon in waste places. Pdaigooiom, in 
manT van^tic^ » a w«ul>^ih>wB isai^dkMi-plant : the flowers are inegolar and 
dv^Tsix-emnO ; Um^ dij«r i$ ahMniv Kat the fostcaior sepal is provided with a 
fl^ittvlttlAr >>v,:r which a^hexiNi t>i> ti>e pedieel. The eooa of Eiodium and 
IVlar^^Muum aiv' ii>MiiiK>«»is a»d aw lorciod into the gronnd bj the movement 
thf ibe bM!iv^«<v^^ awtts 
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Order 2. Linacej:. Disc generally a whorl of 10 small extra- 
staminal glands : formula Kb, C5, ( \ A f 5 + 5), Q^^ : flowers acti- 
nomorphic, rarely all the whorls are tefcramerons : stamens mona- 
delphons at the base ; the whorl of stamens opposite to the petals 
is replaced by staminodia : each loculus of the ovary contains two 
ovnles, and is often divided into two by a more or less complete 
false dissepiment : seed nsnally contains endosperm : capsule septi- 
cidal. Herbs or shrubs; leaves simple, entire, with or without 
stipules. 

Linum usiiatissimum is the Flax : the strong bast-fibres are used in weaving 
linen; the seeds contain oil; the walls of the outer cells of the testa are muci- 
laginous. There are several British species of Linom. Badiola, the other 
British genus, has tetramerous flowers. 

Order 8. Erythroxylace^. Flowers regular : petals five, with 
a ligular appendage : stamens ten, connate at the base by means 
of a disc and forming a tube : ovary 2-3-locular, with one sus- 
pended anatropous ovule in each loculus : seed with endosperm. 

The wood of most of the species contain a red dye. The leaves of Erythroxy- 
Ion Coca are used as a stimulant : they contain oocun. 

Order 4. Oxalidace^. Disc present as small glands at the base 
of the antipetalous stamens, or of all of them : flowers actino- 
morphic ; formula K5, 05, ( I A6 + 5), 6r'^ ; the antipetalous 
stamens are sometimes staminodial ; those which are opposite to 
the sepals are the longest : ovules numerous ; fruit a capsule, or 
more rarely a berry ; seed containing endosperm. Herbs, with 
compound (ternate), generally exstipulate leaves. 

Oxalis Acetosella, the Wood-Sorrel, is frequent in woods ; it contains much 
potassium oxalate. The tuberous roots or underground stems of some Ameuoan 
species, as 0. esculenta, crenata, and Deppei, contain much mucilage, and are 
used as food. Some species {e,g. 0. gracilis) show trimorphic heterostylism 
(p. 455) : others {e.g. 0, Acetosella), have cleistogamous flowers (p. 453). The 
leaves of Oxalis and Averrhoa show sleep-movements : those of Biophytum are 
sensitive to touch. 

Order 5. Balsam iNACEiE. Disc 0: flowers irregular, dorsi ventral ; 
formula Kb, 05, I ^0 + 5, G^- : the posterior sepal is spurred, and 
the two anterior are small or absent : the anterior petal is large : 
ovary 5-locular ; ovules numerous ; the fruit is loculicidally septi- 
fragal, the valves separate elastically and roll upwards, so that the 
seeds are projected to some distance; seed without endosperm. 
Herbs, with simple exstipulate leaves. 
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Ordev 1. Sapisdackx. Floirera nnaftlly irregular, obliqoelj zy- 
ffomorpliic or aaymmetric, in that the two petals of one aide are 
lar^op and of somewhat different form to the three others; of 
thi-Hf, one, which, lien in the plane of symmetry, is Rometimea want- 
inff; twn or three of the antiaepalons stamens are nsnally aap- 
{ircHSctt, NO tliat the nnmber is eight or seven ; they are inserted 
witliiii tho (lifio: tlie ovary is triloonlar; ovules two in each 
hieuliiH: weed without endoaperm. 

^3»cuIuB lias oppoaite, palmately compound, eiitipnlate Imtcs ; the flowers 

■re in term in rI soorpioid racemea ; tlie fruit bai a locoliciilkl dehisoeDce: Ji. 
ilippneatlanuia ig tlis Horw-Cliegtnut, derived from Asia ^ jE. eamia, £. 
i'nri'ii, nud oilier specie! are frequently cultivated. A great nnmber of genen 
and Bppoies grow in warm nlimateB ; the; have generallr aoattered pinnsle 
leaves: ultcn climberi nith branch -tend rile. The aeshy fralt of Sapiudt 
Saponaria raakea a lathrr with water like soap. 





oericirpi m i I pedicel ; f wlogi (i 



Order '2. Ackkackj:. Flowers reg^ular: stamens commoDly ei^in, 
in consequence of the suppression of the two median ones, ▼anoW'T 
inseHt'd : disc annular, i-arely absent, extrastaminal or imrk- 
stnniinai : ovary bilocular; ovules twi) in eacb locnlus; wbea k» 
the fruit splits into two one-seeded winged mericarpB (sama^^ 
(Kiff. 418): leaves opposite, palmately lobed, sometimes eonapoimt. 
citstipnlate ; flowers in terminal race mes,*Ko me times in comche 
with an apical flower: seed without endosperm. 

Th» principal npecieaaf Acer.the Maple, are ,4. Fieudoplatanui. the Syra 
ha*iuR leaves witU oranat* margins, flowers iu elongated penduloas i 
blooming after the unfolding of the leaves, and pirallel-wingt 
pUiUKai<lfi, having leave* with Mrrale margins, flowers in short e 
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blooming before the unfolding of the leaves, and fruits with widely diverging 
wings (even more than in Fig. 418) ; A. eampestrey the common Maple, which 
is sometimes shrubby, with a trilobate leaf, short erect racemes of flowers which 
bloom after the unfolding of the leaves, and fruits with wings which are dia- 
metrically opposite. Some North American species are often cultivated, such as 
A. rubrum, with five stamens opposite to the sepals, and a rudimentary disc ; 
A, doHycarpumt with the same number and position of the stamens, without any 
corolla, and having dioecious flowers ; A. Negundo, with compound 3-5 foliolate 
leaves, and dioecious flowers like those of the preceding species. Sugar is 
prepared from the sap of A, saceharinum and dasycarpum especially. 

Order 3. Polygalace^. Flowers irregular, dorsiventral ; the 
two lateral sepals conspicnouslj large and known as " wings " 
(Fig. 419 k') : petals three, the two lateral being absent; the an- 
terior petal is very large and carinate : stamens usually eight, 
forming a tube open posteriorly, to which the corolla, or at least 
the anterior ^ 

petal, is adnate ^ 

(Fig. 4195): disc 
rudimentary : 
carpels two, 
median, forming 
a bilocular 
ovary, each 
leculus con- 
taining a single 
sus. pended 
ovule : fruit 

usually a capsule. The flower somewhat resembles that of the 
PapilionesB, but it must be borne in mind that here the two " alee " 
or wings belong to the calyx. 

The flower of the Polygalaceee resembles that of the Aceraceae in the suppres- 
sion of two stamens in the plane of the two carpels. 

Polygala vulgaris, amara, and others, the Milkworts, are herbs, woody at 
the base, occurring in woods and meadows. 

Order 4. ANACARDiACEiE. Flowei^s usually actinomorphic, and 
often diclinous: stamens usually inserted on the disc, but disc 
sometimes absent : gyna&ceum of but few carpels ; sometimes one 
only is developed, the others being represented by two or more 
stigmata; each loculus of the ovary contains one anatropous 
ovule with dorsal raphe : resin-ducts present : seed without endo- 
sperm. 




Pig. 419. — ^Flower of Folygala grandijlora. A Seen fiom ont- 
si^e after the removal of the wing-sepal k. B Longitudinal 
section: fc calyx; k' wing; c corolla; s tube of stamens. (After 
Sachs.) 
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Tarions species Are cnltivated as ornamenUl plants. In Cotinaa man; at the 
flowera are aborlive, and the hairy peduncles become maoh elongated. The 
genas Hhne inclades the Sumaehs; there are no 
autipetalons Btamena: R. Coriaria (Southern 
Europe) is nied in tannlog. PUtacia vera, in 
Southern Europe, bears edible seeds (Fistaehio- 
kernels) ; in the flowere of this genus the petals, 
aod in the J flower the stamens whieh are 
apposite to them, are soppreased. 

Cohort HI. Celastrales. Flowers 

Pio.Mo.-Fiora[ diagram ot rcgnlar, frequently actinomorphic, 4-5- 
^'""" merons ; only one whorl of stamens, 

which either ftlternfttes with or is opposite to the petals, is asnally 
present : disc nsnally within, sometimes external to, the andi'oe' 
cinm: ovules uanally erect: the seed nearly always contains 
endosperm. Ti-ees or shrnbs. 

Order 1. Celastbaces. Formnla, ^n, On, An, Q (n) or less, 
0=1 or 5: sepals imbricate: stamens and carpels inserted on a 
flattened disc : stamens alternate with the petals : nsnally two ovules 
in each loculns of the ovary : leaves scattered, entire, stipulate. 

In the genus Euonymus, the Spindle-tree, the loculicidal capsule oontaiua 
seeds invested b; an orange-coloured lu-iilode (p. 459); B. europem ocean both 
cultivated and wild. 

Order 2. SrAPHYLEACRi;. Flowers pentamerons : stAmens alter- 
nate with the petals : disc intrastaminal : ovary generally trimerons 
and trilocular; ovules nnmerons: leaves decnsaate, pinnate, stipn- 
late: seed with small endosperm. 
Slaphylea pinnata is grown in gardens. 

Order 3. Rhamnace*. Formula, Ka, Cn, \ An, (J^*; n=4 
or b: calyx nsually gamosepalons, val- 
vate : petals usually small and often 
hood-shaped (Fig. 421 c), enclosing the 
stamens which are opposite to them : 
flowers sometimes diclinous; nsually a 
single ovnle in each loculns of the ovary 
which is invested by a disc : leaves 
usually scattered, entire, stipulate : fruit 
a drupe or a capsule. 




.g.): J(»I»IS con- 
US into a tube W ; 



Bhamniu eathartiea, the Buckthorn, has op- 
posite leaves and thorny twigs: the berries of 
R. infatoria, in Soatbern Europe, jiield • green 
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or yellow dye ^ B. Frangula has scattered leaves ; its wood produces a par- 
ticularly light charcoal. 

Order 4. Ampelidacej;. Formula same as in Rhamnacese: sepals 
small; the corolla is often thrown oif before it opens (Fig. 422 A c) : 
a glandalar disc between the androecinm and the gynseceum : 
ovules one or two in each loculus: fruit baccate. Climbing plants, 
with stem-teildrils ; leaves palmate, exstipulate or stipulate. 

Vitis vinifei'a, the Grape-Vine, probably derived from the East, is cultivated 
in endless varieties ; other species, such as V. vulpina and Lahrusca^ as also 
Ampelopsis hederacea^ the Virginian Creeper, are also frequently cultivated. The 
tendrils of the Vine (Fig. 2^ A) are branches bearing scaly leaves in tbe axils of 
which other branches arise : their peculiar position dpposite to the foliage- 
leaves may be explained as follows : the ordinary shoots are sympodia, and 
each tendril is the terminal segment of a member of the sympodium ; the fol- 
lowing member is a shoot springing from the axil of the foliage-leaf which is 
opposite to the tendril. 
Every third leaf has no 
tendril opposite to it, 
that is to say, the mem- 
bers of the sympodium 
alternately bear one or 
two leaves. The inflor- 
escences occupy the 
same positions as the 
tendrils. Each leaf has 
also a bud in its axil, 
which either remains 
undeveloped or gives rise to a dwarf-shoot : from the axU of the cataphyllary leaf 
of the dwarf-shoot an ordinary shoot is developed. In some species of Ampe- 
lopsis (e.g. A, Veitchii and Roylei) the tendrils attach themselves to flat surfaces 
by means of discoid suckers developed at their tips. 

Order 5. AguiFOLiACEiE. Disc wanting : one or two suspended 
ovules in each loculus of the usually tetramerous ovary : stamens 
free, or adnato to and alternate with the petals : petals often con- 
nate at the base : leaves scattered, exstipulate. 

Ilex Aquifoliam, the Holly, with its coriaceous, spinous, evergreen leaves, is 
common in plantations and woods : fruit a berry. The leaves known in com- 
merce as Paraguay tea are derived from I, paragueiisis in South America. 

Order 6. Thymeljbacej:. Flowers more or less perigynous, 
with a disc; calyx and receptacle petaloid, with a four-lobed 
limb (Fig. 329 D) ; corolla often suppressed, or more or less rndi- 
mentary : stamens sometimes in two whorls, and then the four 
stamens opposite to the sepals are inserted higher on the tube of 




Fig. 422.— Flower of Vitis vinifera, and dia^niBm. A At 
the moment of opening. BOpen; k calyx; c corolla; d 
glands ; « stamens; /ovary; n btigma fslightly mag.). 



620 PART III. — THE CtABSmCATION OP PUNTB. 

the caljx than the fonr which alternate with the Bepals (Fig. 423) : 
gyoKcenra ngaallj mouomerona ; ovule snepended ; frait a beny : 
seed without endoBperm. 

Daphne Matreon is oommon in wooda ; the nsnallr S-flowBied infloreaoenoea 
are boroe in the aiils of the foliage leavea of the previoaa year, and tiny bloom 
before the derelopmeot of the leaves ol the aune year. 

This order ia freqaentl; placed among the Monochlamyden, bnt thia position 
ia anlenable in conaeqoence of the presence of a corolla in some genera {e.g. 
Gnidia). 

Order?. El£AGn&CE£. Flowers diclmoos or poly^moas, 4- or 
2-n)erons; the corolla is aappreased: the BtamenB opposite to the 
sepals are eometimee wanting (Fig 424 B) ; a disc (Fig. 424 A, d) 
nenallj dosea the receptacle : fmit an. achene, snrronnded by the 





Flo. «3.— Gal;i of Ibe Sower ol 
Itepkiu Xmnov. laid opm (k «) : i 
thefODr anperior, V the four inreriar d diBO (msg. ; ofler SMtbaJ. 

BtemsD^ ndnotfl to die alyi. 

receptacle or by the whole perianth : gynmcenm monomeroaB : 
ovnle basal : seed 'nith small endosperm ; the leaves are covered, 
especially on the nnder surface, with scaly hairs. 

Thia order U also frequentl? placed among the MonoeblamydeB : bat tltboogh 
no eoioUa is indicated, the order must be retained near the Thymelieaoea. 

Hippophag rhamnoidei, the Bea Buckthorn, is a abmb which is sometiniei 
eonunoD on the banka o( aCreama; the amaUer branches moetl; terminate in a 
thorn 1 the Sowers are diiBcioas and dimerona ; when the fmit is ripe the flethj 
receptacle is of an orange colour. Elnagnns bos tetnmeroaa palygamona flowers 
(Fig. 424} ; it ia oommonly eoltivated. 

Cohort IV. Euphorbiales. Flowers monoeporangiate, monce- 
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clans or dioecious ; the perianth Bometimes consiiitB of calyK and 
corolla, sometimes it is simple, and occasionally it is absent : the 
ovary ia nanally trilocnlar, with one or two anatropons and gener- 
ally suspended ovnleg in each IocqIdh: the seed contains endosperm : 
the atpnctnre of the flowers is very varions. Tie affinities of the 
cohort are not accnrately known ; bnt it can no longer be retained 
among the Mouochlamydete. 

Order 1. Edphobbiace*;. The flower exhibits all possible de- 
grees of redaction. The perianth may consist of calyx and corolla 
(e.g. some Phyllanthete, such as Andrachne, Savia, Bridelia ; some 
Crotonete. such as Ghrozophora, Croton snb-gen. Eluteria, Ja- 
tropha, Cluytia, etc.) : more commonly the corolla is sappressed, 
and in some cases (e.g. Euphorbia) the calys also. The androecinm 
varies from 1 to 8 stamens: thus in 
Euphorbia the (^ flower consists of a 
single stamen, whilst in Bicinus the 
stamens are nnmerons and repeatedly 
branched (Fig. 333) : they are some- 
times isomerons with the perianth- 
leaves. The gyniecenm is typically 
trimerous, bnt the carpels may be more 
numerous {6-20 in Hara) or fewer (1 
in Eremocarpns) : the syncarpons ovary 
has as many locnli as there are car- 
pels : each locnlns contains one or two 
(then collateral) suspended anatropons 
ovules, the micropyles of which ate 
directed outwards ; the micropyle is 
usually invested by a micropylar aril 
(see p. 459), often termed the carnncle, 
which is conspicuous on the seed. The 
fruit is usually dry and dehiscent, splitting septicidally into cocci. 
A disc is commonly present, and is frequently annular in the J 
flowers : in the J flowers the disc is usually extra- staminal. 

They are plants of varions habit, from herbs to trees, some 
resembling species of Oactaceie. Many of them possess laticiferons 
tissue (absent in Fhyllantheee and some Stenolobeee), consisting 
either of laticiferons coenocyt«a (Euphorbieffi : see p. 142) or of 
laticiferons vessels (Crotonete) : the lates is nsnally milky, and in 
this case the laticiferons tissue is more highly developed than 
when (as in Mercurialis) the latex is not milky. 




ta. (flolKTged). 
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The iiifiorescence requires special consideration : it is, generally 
speaking, of the mixed type, the earlier branchings being racemose 
whilst the final branchings are cymose : in the moncBcions plants, 
as a rale, both kinds of flowers are borne in the same inflorescence, 
the 9 flowers above, the (J flowers below. 

In the family EaphorbiesB the general inflorescences are cymose 
umbels or dichasia, the branches of which terminate in what 
were fonnerly i^egarded as ambisporangiate flowers, but are really 
inflorescences, each one being termed a cyathium. The cyathium 
consists of a tubular involucre (Fig. 425 p), consisting of bracts, 
often brightly-coloured (e.g. Poinsettia), between the five lobes 
of which glandular appendages, often of a semilunar form, are 
situated (Fig. 425 dr). Within this involucre are numerous (J 
flowei*s in five groups, each of which consists of a single stamen 
(Fig. 425 a) and is terminal on a long pedicel, and one ? flower 
(Fig. 425 r/), consisting of a trilocular ovary (Fig. 425 /), at the 
base of which an indication of a perianth may in some cases be 
detected. That the cyathium is an inflorescence and not a single 
flower is most clearly visible in the genus Anthostema, in which a 
perianth is distinctly developed round each stamen. 

Of Euphorbia, the Sparge, most indigenous species are annual herbs, as E. 
Peplusj exigua, platyphyllos and helioMcopia (the common Sun Spurge), whilst 
others are perennial {E. amygdaloides, and Paralias) : some South European 
forms are small shrubs, as E. dendroides and fruticosa : in Africa and the 
Canary Islands the genus is represented by species which much resemble 
CactaceaB in appearance ; their stems are thick and cylindrical or angular 
or sometimes spherical, producing small leaves which usually soon fall off. 
In Mercurialis the flowers are apetalous ; the ^ flowers have a three-leaved 
perianth and numerous stamens ; the $ flowers have a similar perianth 
and a bilocular ovary : Mercurialis annua and perennis (Dog*s Mercury) are 
weeds, the first common in cultivated ground, the second in woods; their 
flowers are dioecions. Bicinus bears its monoecious apetalous flowers in a 
compound inflorescence, in which the S flowers are placed below and the $ 
flowers above: the perianth is simple and five-lobed: Ridnus communis (the 
Castor-oil plant) is a native of Africa, now frequently cultivated ; Castor-oil is 
obtained from its seeds. Croton-oil is obtained from the seeds of Croton 
Tiglium. Some species of Phyllanthus (Xylophylla) have phylloid branches 
which bear their small flowers in the axils of minute bristle-like leaves situated 
in indentations at the edge of the phylloclade. The root of Manihot utilis- 
»twa, a South American plant, when ground, constitutes cassava, and it yields 
the starchy meal known in commerce as tapioca. From Siphonia elastica a 
species growing iu Central America, most of the caoutchouc is obtained. 

Order 2. BuxACEiE. Disc wanting : flowers monoecious in 



DICOTTLEDONES : POLYPETALJl : CALYCTFLORiE. 623 

glomerules in which the terminal flower is usually ? and the 
lateral ones ^ ; the latter flowers have a simple 4-leaved perianth 
and four superposed stamens (rarely numerous) ; the former 
have a trilocular ovary with two ovules in each loculus, the 
micropyle of the suspended ovule being directed in wards : fruit 
a capsule, with loculicidal dehiscence. For the most part shrubs. 

Buxus sempervirens^ the Box, is an evergreen shrab of Southern Europe ; the 
wood is valuable. 

Order 3. Empetracejj. Disc wanting : flowers dioecious, with 
three sepals, three petals, three stamens or a 6-9-locular ovary : 
ovules solitary, ascending : fruit drupaceous. They are shrubs 
resembling Heaths in appearance. 

Empetruni nigrum ^ the Crakeberry, is a small shrub occurring in the north of 
Europe and in the Alps. 

Order 4. Callitrichacej:. Aquatic plants, with decussate, 
linear or ovate leaves, in the axils of which stand the solitary 
diclinous flowers which are destitute of a perianth: the ^ flowers 
consist of a single stamen; the ? of a bilocular, spuriously 
quadri I ocular, ovary, with four suspended ovules, the micropyles 
of which are directed outwards. 

Callitriche veriia and other species, forming the section Eu-callitriche, are 
either partially submerged or they creep on muddy banks, and in them pollin- 
ation takes place in the air : but in the section Pseudo-callitriche (of which C, 
autumnalis is the British representative) the plants are entirely submerged, and 
consequently pollination takes place under water (see p. 434). 

This order has been associated with the Haloragidacae ; but the general 
structure of the flower, especially the remarkable reduction which it presents, 
and the number and attachment of the ovules, seem rather to indicate affinity 
with the EuphorbiaceaB. 

SERIES m. CALYCIFLOR^. 

Flowers epigynous or perigynous : calyx usually gamosepalous : 
stamens definite or indefinite : gyneeceura syncarpous or apo- 
carpous. 

Cohort I. Umbellales. Flowers regular, sometimes actino- 
morphic, epigynous, with generally a single whorl of stamens 
opposite to the sepals : calyx inconspicuous : ovary bilocular, with 
one ovule in each looulus : a disc between the stamens and the 
styles : inflorescence usually umbellate : seed containing endo- 
sperm : leaves exstipulate. 

V. S. B. , S S 
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Order 1. Umbellifebs. Flowers ^aeraJly regular, bnt zjgo- 
morphic in coaseqaeuce of oltgomerf in the ^jnteoenm (p. 508): 
formnia, Kb, 05, A5, Om '■ the calyx is generally very small, often 
hardly visible, thoagh sometimes well developed {e.g. Eryn- 
ginm, Aatrantia) : the corolla consists of five rather small white or 
yellow petals ; occasionally the outermost petals of the flowers at 
the circnmference of the umbel are larger than the others, and the 
nmbel is then termed radiant : stamens five ; ovary inferior, bi- 
localar : the base of the two styles is fleshy and thickened, forming' 
an epigynons disc (Fig. 426 A d) ; one suspended ovule in each 
locnlns of the ovary (Fig. 338 E): the fmit, when ripe, splits 
into two merioarps, each locnlus of the ovary being permanently 
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dosed by a median septum (Fig. 427a; see p. 530). The 8trac< 
ture of the pericarp is an important characteristic for the classifica- 
tion of the family. The frnit is commonly either oval in form, or 
compressed (Fig. 426 B), or nearly spherical (Fig. 426 E) : its Bor- 
face generally bears longitudinal ridges (soetm or jugaprimaria) en- 
closing vascular bandies, five generally on each mericarp; of these, 
two run along the margins (Fig- 426 B, G, D, rr), and the other three 
along the dorsal enrface (Fig. 426 B, C, D, r). In the spaces be- 
tween the ridges which form furrows, lie oil-docts or receptacles 
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(viitcB) (Pig. 426 B, G, o), and sometimes other secondary ridges, 
{juga eecunduria) (Pig- 426, E, F, ra), which do not enclose vascular 
bundles. The raericarp when ripe is filled hy the seed, which 
consists of the abundant endosperm (Fig. 426 C, D, F, e) en- 
closing a amall embryo. According to the form assumed by the 
endosperm, the following groups may be distingnished : the Ortho- 
tpermeiE, in which the surface of the endosperm, wbich is directed 
towards the plane of junction of the two mericarpa, is flat or con- 
ves, as in Carum (Fig. 426 C) : the Gampylnsperinece, in which the 
endosperm is concave towards the same plane, aa in Conium (Fig. 
426 D), and the Oodogperrtieee, in which the whole endosperm is 
curved, so that it is seen to be concave 
towards this plane both in longitudinal 
and in transverse section, as in Coriander 
(Fig, -126 F). 

The flowers, with few exceptions (Hy- 
drocotyle, Astrautia, Eryngiora), are iu 
compound umbels ; in some few cases, as 
in Daucna, the nmbel has a distinct ter- 
minal flower which is black in colour : an 
involucre and involncela are largely de- 
veloped in some species, in others they 
are wholly wanting. The hollow stem 
bears lai^ leaves with generally well- 
developed sheathing bases and much 
divided laminse: rarely the leaves are 
simple, as in Hydrocotyle and Bupleurum. 

The Britiah genera are arranged as followa : — 

Sab-order I. Obiuosfebikx. 

A. Umbels simple. 
Tribe 1. HydrocotyUce. Fruit laterallj com- 

pressed. Tlie genus Hydiocotyle consists of 
marsh-plants with peltate leaves (Fig. 31), 

Tribe 2. Samcuiea. Frnit nearly ejliniiriial. This group includes the 
genera Astrautia, Eryogium, and Sanicula, 

B. Umbels com pound. 

Tribes. Antainea. Frait without secondary ridges, laterally compressed: 
Ammi, Bupleurum, Fetroseltnum, Apiuni, -Sgopodiuin, Carum (Figs. 426 C, 
and 437), Cicuta, Sium, Pimpinella, Trinia, ConopodJnm, Sison. 

Tribe 4. Setehnca. Secondary ridges absent, or it present (Siler) not so 
prominentas the primary : fruit not compressed: ^thusa, Fceniculum,<EnsDthe, 
Seseli, Meum, Ligusticum, Silaus, Crithmum. Siler. 

Tribe 5. Angchcea. Fruit without secondary ridges, doraally compressed, 
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the lateral primary ridges winged, the witigs of the two merlcarps divergent ; 
Angelica, Arohangelica. 

Tribe 6. JPeucedanece, Fruit without secondary ridges, dorsally compressed, 
the lateral primary ridges winged, the wings of the two mericarps apposed : 
Peucedanum (incl. Imperatoria), Pastinaca, Heracleum, Tordylium. 

Tribe 7. Daucinea. The secondary ridges are spinous : Daucus. 

Sab-order II. Camptlobpebmbje. 

Tribes. Caucalinece. Secondary ridges spinous: Caucalis (incl. Torilis). 

Tribe 9. Smyrniece. Fruit without secondary ridges : Anthriscus, Myrrbis, 
Conium (Fig. 426 D), Smyrnium, Physospermum. 

Sub-order III. G(EL08PBRMEiE. 

Tribe 10. Scandicece, Fruit sub-globose, without secondary ridges : Scan- 
dix, ChaBrophyllum, Echinophora. 

Tribe 11. Coriandrcce. Fruit spherical ; secondary ridges more prominent 
than the wavy primary ridges : Coriandrum (Fig. 426 £, F), 

Anthrisctu silvestris, the Cow-Parsley ; Carum Carui, the Caraway ; Herac- 
leum Sphondylium, the Cow- Parsnip ; Mgopodium Podagrana, the Gk)ut-Weed ; 
Pastinaca sativa^ the Wild Parsnip, are common in meadows and woods: 
Crithmum, the Samphire, grows on rocks by the sea : Echinophora, the 
Prickly Samphire, growing on sandy sea-shores, has been ezteiminated in 
Britain. The following are cultivated : Apium granenlenn^ Celery ; Petro- 
ftelinum tativumj Parr ley; Daucus Carota, the Carrot ; Pastinaca oleracea, the 
Parsnip ; Anthriscus Cerefolium^ the Chervil. The following are poisonous : 
Conium maculatum, the Hemlock ; Cicuta virosa^ the Water-Hemlock ; 
Mthusa Cynapium, Fool's-Parsley. 

Order 2. Araliace^. Flowers generally pentamerons ; stamens 
sometimes more numerous ; carpels more or less numerous : fruit, 
a berry or a drupe. Shrubs, sometimes root-climbers, with 
scattered palmate leaves. 

Hedera Helix, the Ivy, does not blossom till it is some years old : the umbels 
are borne on erect branches, the leaves of which are entire. Fatsia papyri/era 
is used in Japan for making a kind of paper known as rice-paper ; it is made 
from the pith. 

Order 3. CoRNAOBiE. Flowers tetramerous, isobilateral (see p. 
508), with a usually dimerous bilocular ovary: fruit usually a 
drupe. Shrubs with woody stems and entire opposite leaves. 

Cornus mas, the Cornel, has yellow flowers which bloom before the unfolding 
of the leaves, and a red fruit : C. sanguinea and suecica are common shrubs : 
Aucuba japouica has dioecious flowers, and a monomerous baccate fruit. 

Cohort II. Passiflorales. Flowers frequently monospo- 
raugiate, regular; epigynous, perigynous or hypogynous; penta- 
merous : stamens in one or two whorls, or indefinite : gynae- 
ceum syncarpous ; ovary usually trimerous and unilocular ; ovules 
numerous, on parietal placentse. 
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Order 1. Passifj.orace^. Flowers pentamerons, perigynous, 
sometimes dioecious ; between corolla and androeciom there is a 
so-called corona consisting of a number of filamentous appendages, 
probably representing a disc (see p. 527) : the gjnsBceum fre- 
quently, and sometimes also the andrcBcium, is elevated upon an 
elongation of the axis (gynophore, or gonophore, p. 495) : stamens 
five, often monadelphous, opposite to the sepals : ovary unilocular 
with three parietal placentae : leaves palmate. Climbing plants, 
with tendrils, each tendril being a lateral axillary branch, and 
frequently the main axis of an inflorescence. 

Several species of Passiflora, the Passion- Flower, from tropical America, are 
cultivated. 

Order 2. PAPAYACEiE. Flowers diclinous, hypogynous : stamens 
in two whorls : ovary usually unilocular with five parietal 
placenteB. ' 

Cariea Papayay the Papaw, is cultivated in the tropics on accoant of its 
edible fruit : its latex is rich in proteolytic ferment (papain). 

Order 3. BEGONiACEiE. Affinity doubtful. Flowers diclinous ; 
perianth rarely heterochlamydeous : the (J flowers have two 
dimerous petaloid perianth- whorls, and indefinite stamens crowded 
together : the ? flowers are epigynous ; the penanth consists of 
five petaloid leaves; the ovary is usually trilocular, with numerous 
anatropous ovules borne on axile placentse : fruit a capsule : leaves 
often very large, usually oblique : inflorescence cymose, the ^ 
flowers being terminal on the first branches, the ? terminal on 
the last. 

Many species of Begonia, derived from the tropics, are cultivated as orna- 
mental plants. 

Order 4. Cucurbit AC eje. Flowers diclinous or polygamous, often 
irregular : corolla of five petals, often gamopetalous : stamens 
epipetalous, five, but they frequently cohere, either in pairs, so 
that there appear to be but three (Fig. 428, diagram), or all 
completely into a single continuous ring (Cyclanthera) ; the 
anthers are commonly long and sinuous : ovary inferior, unilocular, 
becoming spuriously multilocular, with one or (more often) many 
ovules ; it is, however, often described as multilocular (usually 3) 
with projecting axile placenteB : fruit baccate, a pepo or a succu- 
lent berry, often of great size, with a relatively thick and solid 
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red; fmit a, Beptifragtl eapsole. Ctreaa laUliana (Enehanter'a Nigbfgbade] bM 
dimeroui Qowers A'2. C2, A2, C,i, (Fig. 829 B) ; common in damp uid sh^dj 
Bpola. ItmiTdia paluttrii has do dotoIIb; ita fruit ii s Mpticidal Mpeiile. 
Fnchsia (Figi. 439 A, 323 A), muiT spMies of wbich ore coltivated bb 
om&menUI plants, ii a DBtive of South Ameiisft ', fmit a ben?. 

Trapa nalani, the Water -CbeBtnat, a not very aommoii iratei-plant of Centiil 
Europe, has a item bearinft a rotette of leaTM whicb float on tbe anrfaae of tbe 
water ; in tbe aiJU of tbese leftves the flowers are borne aingl; : their formula 
if A'4, Ci, At, O", and thej are perigjnouB: the trait ia indehiaoent, and tbe 
■epoli remun adberect to it in tbe form of fonr honiB : it eontuua two Beeds. 

Order 2. HAi.ORAriiDACEX. Flower aometimes monoaporangiate, 

epigynODs, asnally tetrameroae throaghont ; atamena often in tiro 

whorls, and then obdiploatemonoas : aoDietimea the corolla or the 

whoi-1 of stameDB opposite to the petals is wanting : ovary 

1-4-inerons, with a single aos- 

pended omle in eacli locoluB ; 

seed containing endosperm. 

UyriophyVum rertieiUatttm and >pt- 
ealum, tbe Water-MiKnils, are aquatic 
plantH with finely divided leaves and 
smstl, generallj diclinona, flowers 
faome above tbe water in terminal 

The genas Onnnera inelodes land- 
plant* with large leaves : the flowet ia 
dimeroQB, bnt is frequently red need bj 
the SDppreBBion of the corulla, or of 
one o( tbe aeries of sporophylla (diclin- 
oosj ; the dimerous ovaiy prodnceB bnt 
a single ovule. 

The genns Hippnris oooaists of the 
single (British) species H. vulgati* 
the Mare's-tail. It is an aqaatio plant, beuing ita very mncb reduced flowers 
singly in the aiiU of the whorled leaves : there is no corolla, and the calyx ia 
tudimeotarj: there is a single epigjnous atamen, and a monomeroua oTary 
containing a single suspended anatropaas ovule. 

Oi-der 3. Lythbaces. Flowers perigynons, with nsnally both 
whorlaof Btamena: formnla £n,Cn, 1 ^n + n, G'^', where n = 3— 16: 
ovary free in the hollow receptacle: an epicalyx formed by connate 

atipnles is often preaent : aeed withont endosperm. 

LylhTuvt Salicaria, the Loosestrife, occurs in bogs and ditches : flower 
usually pentamerons or hexameroua: tbe Htameua of the two whorls are nueqnal 
in length, and the length of tbe style also varies; three forms of flowers are 
thus produced (trimorpbiam ; see p. 455); the other British genus is Peplia; 
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ilinniru «ultM<^ Theleai 
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P. Pot tula is the Water- Purslane ; it has usually hexamerons flowers and an 
indehiscent fruit: gynaBceum dimerous in both genera. Several species of 
Guphea, haying a dorsiventral flower, with a posteriorly spurred calyx-tube, 
from Mexico, are cultivated. 

Order 4. Myrtacej:. Flowers 4- o| S-merous, epigynous : sta- 
mens often very numerous, free, or connate in usually antipetalous 
bundles (Fig. 431) ; sometimes few and obdiplostemonous : ovary 
1-QO -locular ; seeds l-oo in each loculus, without endosperm : 
placentation and fruit various: leaves usually opposite, dotted 
with oil-glands. Shrubs or trees. 

Tribe 1. Myrtece, Fruit a berry or a drupe ; stamens indefinite. 

Myrtus communis is the Myrtle of Southern Europe ; the genus Eugenia 
includes a number of ornamental shrubs, among which is E. (Jambosa) Caryo- 
phyllus, the buds and flowers of which yield the spice known as cloves (Fig. 432). 

Tribe 2. Leptospermea. Fruit a capsule, dehiscing loculicidally from above 
downwards: stan^ens generally indefinite, frequently in bundles which are 
opposite either to the sepals or to the petals (Fig. 431). 





Fig. 431.— Longitudinal section of 
the flower of Calothamnus : / ovary ; 
» calyx; p corolla; st antipetalous 
bundle of stamens; g style. (After 
Sachs.) 



Fig. 432. — Flower-bud of Jamhota 
CaryopliylluSf the Clove, in longitudi- 
nal section ; /the inferior ovary, with 
the oil-glands Idr); sk the ovules; Ic 
calyx; c corolla; $t stamens; a an- 
thers ; g style (enlarged). 



Callistemon, Melaleuca, MetrosideroR, Calothamnus, and others, are or- 
namental plants : Eucalyptus Globulus^ from Australia, is much planted in 
marshy districts, which it tends to dry up by its active transpiration. 

Tribe 3. Chamtelanciea, Stamens often definite and obdiplostemonous: 
ovary unilocular : fruit usually one-seeded and indehiscent. 

Tribe 4. Lecythidea. Fruit large, woody, dehiscing with a lid, or inde- 
hiscent ; leaves scattered, without oil-glands ; stamens indefinite. This tribe is 
sometimes regarded as a distinct order, Lecythidacea. 

Bertholletia exceUa grows in tropical America ; its seeds are known as 
Brazil nuts. 
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Tribe 5. Oranatece, Fruit resembling a pome ; leaves opposifce, withoat oil- 
glaDds. This tribe is sometimes regarded as a distinct order, Ponicacb^* 

Punica Granatuniy the Pomegranate, grows in Southern Europe ; flowers 
5-8-merou8 ; receptacle petaloid ; stamens indefinite ; in the ovary there are two 
whorls of loculi, nn external superior of which the loouli are as numerous as 
and are opposite to the petals, and an internal inferior consisting of three loculi. 

Order 5. RHizoPHORACEiE. Tropical trees with aerial roots, 
known as Mangroves : tbe seed germinates in the frnit whilst it is 
still attached to the tree ; when the projecting radicle has attained 
a length of one or two feet, either the whole frait drops off, or only 
the radicle (incl. hjpocotyl) ; in either case the pointed free end 
of the radicle sticks firmly in the mud on which the Mangroves 
grow. 

The principal genera are Bhizophora, Bruguiera, Carallia. 

Cohort IV. Resales. Flowers actinomorphic or zygomorphic, 
usually ambisporangiate and perigynous : stamens rarely fewer in 
number than the petals or equal to them, generally indefinite in 
numerous whorls : gynseceum more or less completely apocarpous : 
ovules anatropous, suspended or erecfc: seed generally without 
endosperm. 

Order 1. Rosacej:. Flowers actinomorphic, rarely zygomorphic, 
perigynous : gyneeceum generally apocarpous ; carpels l-oo ; ovules 
1 or few, anatropous : fruit various ; seed generally without 
endosperm : leaves scattered, stipulate ; the odd sepal is posterior. 

Tribe 1. Rosea. Carpels numerous, attached to the base and sides of the 
hollow receptacle, which is narrow above (Fig. 433 C ) ; each contains a single 
suspended ovule ; when ripe, they are achenes enclosed in the fleshy receptacle : 
the sepals are frequently persistent at the top of it. Shrubs with imparipinnate 
leaves; the stipules are adnate to the petiole (see Fig. 316). 

Many species of Bosa, the Bose, are wild, such as i2. arvensiiff canina, and 
ruhiginosa (S\veet-Briar or Eglantine) ; and many others are cultivated, as R, 
centifoHa^ damasceua, indica, fjallica^ etc. 

Tribe 2. Spiraece. Carpels usually 5, each containing two or more suspended 
ovules ; they are inserted upon the floor of the flat open receptacle, and become 
follicles ; the calyx is persistent till the fruit is ripe. 

Spiraea Vlmaria^ Meadow-sweet, andS. Filipendula^ Dropwort, occur in woods, 
meadows, etc. ; Sp» sorhifolla^ media^ ulmifolia, and other species, Kerria 
japonica^ and Bhodotypus (with drupes), are oroamcDtal shrubs. 

Tribe 3. Prunea, The single carpel, containing two suspended ovules, is 
inserted on the floor of the receptacle (Figs. 433 A and 434 A) ; the receptacle 
and the calyx fall off when the fruit is ripe : stamens usually in three whorls 
of 5 or 10; fruit a drupe (Fig. 344) ; only one seed is usually present. 

Prunus is the principal genus of tbe tribe. In the sub-genus Amygdalus the 
fruit has a furrowed coriaceous endocarp ; Prunus Amygdalus (A, communU), 
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the Almond-tree, and noTia, ue trees of Southern Europe ; P. Fntica is the 
Peach : in the xnb genua Franophoia, the fruit has a smooth aCon; endocarp; 
P. eomnmal* (apiJUita) ia the Sloe or Blackthorn ; P. Arneniaea ia the Apricot 
P. dnmt$iica is the Wild Plum, it has an ovoid fruit and glabroua aboota ; P. 
iiuiCifta IB tbe Bnllitce, it haa a globoid fruit sud hlrante ahoota : in the aub- 
geitns Ceraaaa, P. Cera«ui, the Dnart or Uorello Cberrj, baa foliage-leavea at the 




betlate inQoreacances ; P. Aviam, tbe Wild Cherr; or Oean, has 
odI; acalea at the base of ila indoreecences : in the sub-genus Laurocerasua, 
P. Mdhaleb, the Damaon, haa fragrant bark; P. Pndui, tbe Bird-Chertj, has 
elongated racemoae inSoreacenoeB ; P. Laurocrratui.tbe Cherry -Laurel, liaa eier- 
green leavea wbich aomewhat reaemble those of the true Laurel ; P. UiitanU a 
ia the Portugal Laurel. 

Tribe i. Pottriea. Flowers often monoaporangiate : corolla often absent : 
ovariea few. often but one, mononterous, encloaed in the cavit; ol tbe receptacle 
which hardens as the aeed ripeua : ovnlea aolitarj, auapended. 

The genua Alchemilla has tetrameious floweiE destitute of a corolla, the 
stamens (4 or fewer) alternate with the aepala; an epicaljz ia present: A. 
viUgarU, the Lady'a Mantle, and A. arven.it, are common. In the genua Pote- 
rium, the flowers of the snb-genas Sacguiaorba (P. oJlie.iiuile, (he great Burnet], 
have DO corolla, tbe four stauiena are opposite the sepala, and tbej bare no 
epicalfi : tbe flonera of the sub-genus Poterium {P. Sanguitorba, the Salad 
Burnet), reaemble those of the pre- 
cediug, but the stamens are in- 
definite, and they are poljgamoua. 
The flower of Agrimonia ia penta- 
merous; it ha^ a corolU and in- 
definite stamens ; the outer surface 
of the receptacle ia beaet with 
briatlea. 

Tribes. Potevtillea. Theovatiea, 
which are numeroue, are inserted 
upon a prolongation of (be aiia into 

the cavity of the receptacle (Pigs. j,,,,„g„„K,t.hee.,i,yo,,h«racepta, 
438 fl and 434 B) ; each usually OOn- j-niit of tha Blackberry, Rubm /rul 
taiua one ovule. The calyx ia often hcalyi; /fldbyovariea. 
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surrounded by an epicaljx formed by the connate stipules of the sepals (Fig. 
330 C). The stamens are usually indefinite, each whorl consisting of as many 
or twice as many stamens as there are petals. These flowers are distinguished 
from those of the BanunculaceaB, which they somewhat resemble, by the whorled 
arrangement of the stamens and by the presence of the hollow receptacle ; 
for in Banunculaceous flowers the stamens are arranged spirally and the sepals 
are quite free. 

Of the genus Potentilla, the Cinquefoil, which has dry fruits and a dry 
receptacle, mnny species are common, such as P. anserina^ the Silver-weed, 
reptanSf Tormentillaf and others: the subgenus Sibbaldia includes the species 
P. procumbem, which is found on Scottish mountains : the sub-genus Comarum 
includes the species P.Comarunifihe Marsh Cinquefoil. Fragaria is the Strawberry; 
the receptacle becomes succulent as the fruit ripens and bears the small achenes 
on its surface; F. vesca and elatior are found in woods ; F, rirginiana and other 
North American species are cultivated. In the genus Bubus there is no 
epicalyx, the ovary contains two ovules, and the fruits are succulent (drupels) ; 
Eubtis Idaus is the Baspberry ; its fruits separate from the dry receptacle when 
they are ripe : in R. fruticosus^ the Blackberry, and R. ccesius, the Dewberry, 
the upper part pf the receptacle separates together with the fruits when ripe. 
Dry 08 octopeiala, the Mountain Avens (without epicalyx) is a procumbent 
alpine shrub with an oval long-tailed fruit (resembling that of Clematis VitcUha), 
An epicalyx is present in most species of Geum : (Jeum urhanum and rivale 
(Avens) occur in woods and damp fields ; the long style is hooked. 

Tribe 6. Pomece, Ovaries five or fewer, contained in the cavity of the 
receptacle, connate, and adnate to the wall of the receptacle (Fig. 433 D). The 
spurious fruit is surmounted by the calyx. The individual fruits either become 
hard and are like small drupes imbedded in the fleshy receptacle, or they have 
only a thin wall, so that they are m* re like capsules and seem to be loouliof the 
whole fruit, as in the apple for instance, where the succulent portion is derived 
from the receptacle, and the core consists of the fruits enclosing the seeds, 
which are basal, generally two in each carpel. Stamens indefinite : no epicalyx, 
Shrubs or trees with deciduous stipules. 

I. With stony fruits. 

In the genus Cotoneaster, the fruits project above the receptacle : in Gratie- 
gus, the Hawthorn, they are completely enclosed ; C Oxyacantha^ the May, and 
its var. monogyna, the common White Thorn, are common ; other species fri)m 
the East and from North America are cultivated : Mespilus, the Medlar, has a 
large fruit which is surmounted by the five large sepals. 

II. With coriaceous fruits. 

The geuus Gydonia, the Quince, has numerous ovules on the ventral suture of 
each carpel ; the outer layers of cells of the testa are mucilaginous. The genus 
Pyrus has two basal ovules: P. communis and others are the Pear-trees ; the 
loculi of the spurious fruit, seen in transverse section, are rounded towards the 
exterior ; the fruit is not hollowed at the base : the sub-genus Malus includes 
P. Malm and others, the Apple-trees ; the fruit is hollowed at the base, and 
the loculi, seen in transverse sectiou, are pointed towards the exterior : the sub- 
genus Sorbus resembles the preceding, but has pinnatifid leaves ; it includes 
P. Aucuparia, the Mountain Ash or Bowan-tree, as also P. domettica, the 
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true Service- Tree, and P. torminalis^ the Wild Service- Tree : the sub-genus 
Aria, includes P, Aria, the White Beam. The genus Amelanchier includes 
the European A. vulgaris, and A. canadenHiif the June Berry. The genera 
Baphiolepis and Photinia (loci. Eriobotrya, the Loquat), include well-known 
cultivated flowering shrubs. 

There are two other tribes of exotic EosaceaB, the Quillaiese, an<1 the Chryso- 
balanese, concerning which it is impossible to go into detail ; in the latter the 
gynseceum, which is monomerous as in the PranesB, is peculiar in that the 
style is gynobasic; and in some of the genera (Hirtellinse), the flower is 
irregular and zygomorphic. 

Order 2. Leguminosj:. Flowers usually dorsiventral, perigy- 
nous, pentamerous, with calyx and corolla : stamens ten or more : 
ovary of a single anterior carpel ; ovules borne on the venti'al 
suture: fruit a legume or a lomentum: flowers always lateral: 
leaves nearly always compound. 

The LeguminossB, more particularly the Papilionese, are remarkable physi- 
ologically by the presence of tubercles on their roots, caused by the attack of a 
Fungus, and by their extraordinary faculty of flourishing in soils poor in com- 
bined nitrogen : these two facts are un- 
doubtedly correlated, but the exact nature 
of the correlation is still a matter of dis- 
cussion (see Part IV.). 

Sub-order 1. Papilioneje. Flowers dorsi- 
ventral, papilionaceous (Fig. 327 A). The 
five sepals, the odd one being anterior, are 
usually connate, forming a tube above the 
insertion of the corolla and the androecium : 
the five lobes are usually unequal and 

sometimes form two lips, the lower of three ,„ ^or ™ rr * 

^ ' Pig. 486. — Flower oT Lotus corntcu- 

aud the upper of two teeth : petals five, i^tu, ( somewhat mag.)- A With one 

alternate with the sepals, imbricate so that ala removed ; k caljx ; /a vexlllam ; 

the anterior petals are overlapped by those / ala ; s carina. B With the corolla 

beliind them; the posterior petal is much removed; rtube formed by the nine 

enlarged, and is called the vexillum (Fig. f»°»«°«' «• '*»« ^^^ stamen ; a an- 

, ^ ther; n stigma. 

435 A fa) ; the two lateral petals, which 

are much smaller, are termed the ala (Fig 435 A, Jl) ; the two anterior petals 
are connate or sometimes simply apposed, and form a hollow boat-shaped body, 
the keel, or carina (Fig. 435 A, »), In a few cases the corolla is entirely or 
partially suppressed ; thus in Amorpha, only the vexillum is present. The ten 
stamens belong to a single whorl, with direct diplostemony ; they are either 
connate and monadelphous, forming a tube, or the posterior stamen may be free, 
so that the tube consists of nine stamens, and is incomplete posteriorly (Fig. 435 
B)y in which case fche androecium is diadelphous (9-1) ; rarely the stamens are 
all free ; they mostly curve upwards, and diminish in length from in front back- 
wards. The ovary, enclosed by the staminal tube, consists of a solitary anterior 
carpel ; it is often divided into chambers by a spurious longitudinal septum, or 
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by transvorso septa into several chambers. The fruit is usually a legajme or a 
loinentum (Fig. Si2 A), rarely one-seeded and indehlscent : the seed frequently 
ooiitains scanty endosperm. The flowers are solitary and axillary, or in 
racemes. The leaves are only rarely entire, usually palmately or pinnately 
compound, with often large stipules (Fig. 28 C), which are sometimes spines 
(llobinia). 

Tribe 1. Sophorea, Stamens all free : leaves usually compound pinnate : 
trees or shrubs. Species of Sophora, Gladrastis, and Virgilia, are cultivated. 

Tribe 2. Podalyriea, Stamens all free : leaves usually simple or temate : 
shrubs or herbs. Species of Baptisia and Thermopsis are cultivated as herbace- 
ous plants in gardens. 

Tribe 8. Oenistea, Stamens usually monadelphous : leaves simple or com* 
pound temate.. 

In Ulex, the Whin, Qorse or Furze, Genista the Green-weed, Gytisus (Saroth- 
amnus) the Broom, andLupinus, the stamens are monadelphous; in Genista the 
leaves are simple ; in Cy tisus the leaves are ternate ; in Ulex the leaves are 
temate in seedlings, but in mature plants they are scaly or spinous; inLupinns 
tlie leaves are palmately compound. Cytuus Laburnum is a well-known flower- 
ing tree. 

Tribe 4. Trifolietr, The posterior stamen is usually free ; leaves ternate, 
and leaflets with serrate margins. 

In MeiUcago (Mediok), Melilotus, and Trifolium, the stamens are diadelphons : 
in Ononis, the Best-harrow, they are monadelphous. Trifolium is the Clover : 
tho stamens are partially adnate to the corolla ; the withered oorojla persists 
and encloses the small legume : flowers in oapitula ; r. pratense, the Bed 
Clover, 7\ rYpem^ the White Clover, and T. hffbridum, the Alsike Glover, which 
an» common in meadows, and T, iiic<irii(iMim, from the East, are cultivated. 
Mcdicagi^ has usually a spirally- wound legume, and a deoidnous ooroUa ; M, 
t\th\tta and /n/>n/im4I are common ; M. satira^ Lucerne, is cultivated. Melilotus 
^McliloO has a globular legume ; if. nlba and eUtiuiaui aie oommon on the 
bank» of streams. Trigonella is the Fenugreek. 

Tribe 5. Li^rftt. Stamens diadelphoos, the poeteiior etamen being free : 
leavw (xinnate ; leaflets eeeaile. entire. 

I.«<i» ivrMK*Nl*iiM», the Bird*s-foot Trefoil, with a beaked eaiina and nearly 
»lrai^hl W|;uuif^« is commim in meadows. In Anlhyilia, the Kidnej-Yeteh, the 
»tattk^tts ar» m%\iiadelphoas at first, the posterior stamen heonming more or less 
»ep)arali»: A>*fkpilU Tiiiii^nirM, Ladies* Fingers or Woaodwoit, is eomman in 
drv |>asluTv«. 

TtiN^ ^ K9fJktf^<^^ 8lam«n$ diadelphous : learas mnltgogate impaTipinnate ; 

N-<ij^;'V^ riMsAv^, in lh« Kasi Indt^Nt, pcodhM«e Indigo. (Hjejiriiiaa is the 
U>|UvMrivv, CVluWa, lh« lUadd^r S^rnn^ has an inflated fruit : C. mtkonteem 
atul xaiK^us s|H!KU^ v\f Oara^Muia ar« c^•uva^^i as cmamental plantSL BtMmia 
i\\*k.Uy>A^iyAs \h* UX*^ AvMMiia, i$ a xiaUYv s>f Nv>rth AmMtca* had it haa beoonse 
ivi^)uniktu\Nv <«tv><'^Av4 />>i^^\^(vvt U a vV{ur;xoa siumb from Koitk America. 
\»U;j^^V.u» VvA^ a Iv^uu^ >htUi a $(^uxio^$ i0tt^a;jts.v,ual iiseeftmoit : iciy many 

V\\x>f r .' { ^ x( J sMt X vs . I v<it\ v> ..^^ ^Njui^'c,uufc)«f ; $:as»&$ diide^plioos : fruit a 
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lomentum, with traaaverae septa, dividing into segments. Cotjledona leaf;, 
epigieal, 

Hippourepia, the Horse-eboe Vetoh, and Oofouilla ace eommoa in mesdoira ; 
Onobryckii laliaa, rLe Sainfoin, ia cultivated. ArachU hypogiea, tlie Earth- 
Almond or Gtoand-Nnt of tropioal America, ripens its frnits in the earth. 
Dtimodittm gyrani, the Telegraph-plant, has motile leafleM. 

Tribe 8. Vicieie, Stamens disdetphoua: legame unilocular; cotjiedona 
hjpogean; leaves paripinnate and Qsually cirrhose (see Fig. 2B C). 

Vicia lativa, the Vetch, and V. Faba, the Beaa, are cultivated : other speeiee 
ocenr wildL Pimm latictim and amtme, the Fea, are cultivated. Lent eicidenta, 
the Lentil, belongs to SSonthem Europe. Various species of Lathjrna (incl. 
Orohus) oooar wild in woods : L. odoraiiu and others are cultivated. 

Tribe 9. Phaaeolea. StameoB diadelpbous: legume unilocular; cotyledons 
nenall; epigean, but not leaf; : leaves usually imparipinnate, frequently temate. 
Mostly climbing plants with twining stems. 

Fhageoluf vulgaris, the French Bean, and F. midtijlorm, the Scarlet Runner, 
are cultivated. Wiiiaria {Glycive) chinentu iaan ornamental climber. Phj- 
sostigma is the Calabar Bean. 





Tribe 10. Dalbtrgitit, Stamens mono- or dia-delphoaa : legame indehiacent ; 
cotyledons fleshy. 

FtorocarpuB. Dipttryx odorala, the Tonka Bean of Soath Amerioa, contains 
coumaria in the seed. 

Sub-order 3. Cxsalpihiis. Flower dorsiventral, bat not papihonaoeons 
(Fig. 337 B snd Fig. 436) ; petals imbricate so that the posterior petsl ia 
overlapped by those anterior to it; stnmfua ten or fewer, free, more rarely 
ooanate : (he legume is frequently divided by transverse septa, and is in- 
dehiscent :- flowers in panicles or racemes ; seeds often albuminous. 

GUdiuchia triacanihot and other species are oulivated for ornament. CercU 
SiUqiiiutTv.ni, the Judas tree, has rounded leaves. The wood of Catalpiaia 
hraiilieniii is known aa Fernambuco or Brazil wood. Hiematoiylon, Cassia, 
Bauhinia, Tamarindus, aud Geratonia [C. Siliqua, the Carob-tree) are other 
well'known genera. 

Sob-order 3. Miaosta. Flowers regular; petals with valvate lefltivation 
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{Bee Fig, 321) ; stamena ten, rarely fever, trequentl; vei^ i 
(Fig. 437), usually much longer than the perinath : legume EometimeB diiided 
bj tranavene septa: aeed larel; albuminouB: flowers UBuaUy grouped in spikes 
or capitula. 

ilimosa pudica, the Sensitive Plani, has irritable leaves. Species of Aoacift 
are nnmeroua in Africa, Asia, and Australia. In the Australian speDies the 
leaves are represented b; flattened petioles (phjUodes, p. 19) which are esteoded 
in the median plane. 

■ Order 3. Platanacex. Trees, with diclinons flowers in 
capitula borne laterally on pendalous branches; flower perigynons, 
perianth differentiated into caljx and corolla, 3-4-merous : andrce- 
ciiim of bnt few stamens : gynfflceDm apocarpoas ; each ovary 
contains nsnally a single ovnle, and developes into a caryopsis ; seed 
suspended, orthofcropous, with but little endosperm: leaves 

scattered, with persistent sheathing 

stipnles. 

Plataraa occidentalu, from North America, 
with three-lobed leaves, and P. orientalu, from 
the East, with nsaally Gve-lobed leaves, which 
are often ouneiform at the baae, are freqnently 
cultivated {especially the former). The smooth 
bark, which is shed in flakes, is very character- 
istic (p. 2J2), The Plane may be at once dis- 
tinguished from the Maples, wliich resemble it a 
good deal in the form ot the leaf, by the scattered 
arrangement of the leaves. 

Cohort V. Saxifragales. Flowers generally ambisporangiate 

and actinomorphic ; hypogynous, perigynons or epigynons ; en- 
cyclic ; stamens nsnally in two whorls, with obdiplostemony ; 
ovary generally syncarpons, multilocnlar, with more than one style 
or stigma ; ovules usually nnmerous in each locnlns ; seed with 
or without endosperm. 

Order 1. Saxifragacks. Flowers nsnally 4-5-meron8, epigy- 
nons or perigynons, completely actinomorphic only when there are 
five carpels : stamens nsnally in two whorls ; carpels less nnmer- 
ous, nsnally connate below and free above ; seeds nnmerous, 
containing endosperm. 

Tribe 1. SaxifraaeiE. Flowers perigynous or epigjnous, regular, but 
generally zygomorphio in oonaequence of oligomery in the gymeceum : petals 
with imbricate lestivation, sometimes suppressed ; two whorls of stamens, but 
one or other of the whorls ia suppressed in some genera and species : carpels 
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uBnaJl; two. diverging above (Fig. 335 D) ; iuflatescenoe of rocemoae oymeB ; 
frail a oapBDle : leaiea alternate. 

The British genera are Saiifrags and CbrfsoBplemom :— SaxiCraga has an 
oblique bilocidar ovarj, and the Bowet is eoneequently obliquely zygomorpbio 
(Fig. 321 C) ; tbe receptacle invests tbe lower connate portion of the ovary; 
many species occur in mountainous districts, and in several of tbem there is a 
deposit ol carbonate of lime on tbe margins of the leaves (see Fig. 100, p. 139) ; 
only a few species, sacb as 5. tridactylitei and granulala, occur in the plains ; 
Chryaosplenium, the Oolden Saxifrage, bas a tetramerous flower destitute of a 
corolla; they are small plants, somewhat reeembling a Euphorbia, occurring in 
damp places. Among tbe more familiar cultivated genera are AstObe (Hoteia), 
Bodgersia, Bergenia (Fig. 439], Tiarella, Heuchera, etu. 

Tribe 2. Parnaieiea. Flowers perigynous, often acCinomorphic ; tbe five 
stamens opposite to tbe petals are (lansformed into glandular staminodes ; 




FII1.4M.— Floral diagram of Parnagsia ; 

Tic. 139.— Longitadlnal section of the bnC Che wborl ot aaCipetaloae BIuninDde» 

ovary ot Bergeoia : g stjie ; n Bligmoia ; Bbonid be repreHented u eilemal to tbe 

p plmcenlie (mag.). (Aiier Saob«.) wborl of stamenB. 

petals with imbricate asetivation : ovary 4-5-nieroQB, unilocular ; fruit a locuU- 
cidal capaale : leaves alternate, 

Pariiaiitia palueCria, Qrass of Farnasaua, has a vborl of radical leaves, and 
terminal and lateral peduncles each bearing a single flower and adnate to a 
bracteole ; it is frequently found in damp localities. 

Tribe 3. llydraiige<t. Flowers epigynous, actinomorphie, obdiplostemonouB : 
peials with valvate KStivation ; earpels 3-5 : shrubs with opposite leaves. 

Hydrangea hortensii is a well-known garden plant. The infloraaoenoe is an 
umbellate panicle, tbe marginal flowers of which (in cultivated plants all of 
them) are sterile, having a very much enlarged calyx, and either no stamena or 
only the wliorl of stamens opposite to the sepals. 

Tribe 4. Pkilndelphur, Flowers epigynous, actinomorphie, 4-5-meroBS : 
BtimeuB in two wborla but not obdiplostemonous, or indefinite : petals with 
various (estivation : fruit a capsule : shrubs with opposite leaves. 

Philadelphui cntoiiariiii (called Syringa or Mock Orange) bas sweetly. scented 
tetranaeroDa flowers. Deuliia tcabra, cretiala, and others are cultivated. 



T. a. B. 
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Tribe 5. BibeiUte. Flowen epigjnoua, incompletel; actinomorphio, penta- 
meroQg: etamena five, oppoeite to the sepalai carpels tiBiiall; two, uauall; 
3 lateral (Fig. 324B) ; friiit a berry ; leaves aeattered : inflo- 
Slirabs. 

Several Bpeoiea of Bibes, the Cnrrant, are enltivated : R. rubram it the Bed 
Currant; JI. nijram, the Black Currant! -H- Groitularia, the Gooseberry: the 
spines of the last species are developed from the pulvinDS. 

VarioDs apecies ot Etcallonia are colUvatod as ornamental flowering ahrabs. 

Order 2. Ckassulaces. Fonntila En, Cn, l Jn + n, Gn, where 
n = 3— 30: flowers actinomorphic, perigynoas or hypc^ynous, 
with two (rarely one) whorls of BtaiaenB : gyneeceum, generally 
completely apocarpous ; carpels opposite to the petals, with a scale 
(disc), external to each carpel: ovules nnmerons, marginal: frnit 





Fie. * 13. —Flower of Stiam ac 



inflorescence nsnally cjmose. 
knged spirally, often in t-osettes. 



Fib. lU.— Floicer of Ribes (mag.) : j 
pedicel ) k calTn i < corolla : tt Huaeps ; 

a follicle : seed with endospen 
Plants with entire fleshy leaves, e 

The genus Sedam has nsnall; pentamerous flowers ; Sedvm acre, the StonC' 
crop, is common on walls and rocks; S. Rkodiola ha« di(BcioQs flowers (sea 
Fig. 318). S. TtlepMum. the Orpine and others are common. The geotis Sem- 
pervivum has at least 6-meroQs flowers : 5. Tectoram, the Hoaseleek, and other 
species, as also species of Echeveria, Crassula, eta., ore frequently cDltivated. 
Tillaa has usnally tetramarous flowers without the hypocarpellary scales. 

Order 3. Cephalotackj:. Flowers apetalons, perigynons, (J- 
merotiB : stamens in two whorls : gyiiKcenm of six apocarpous 
carpels, each containing a single basal ovale. 

This order consists ot the Australian genus Cephalotns, with the single 
species C. fvUictilarit ; the lower of the tuft of radical leaves are pitohered and 
have lids. 

Order 4. PiTToaPOEACE.s. Flowers hypogynous: stamens five, 
antisepalons : carpels ^5, ovary syncarpons, nni- or mnlti-l ocular. 
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with parietal or axile placentation : ovules numerous : seed with 
endosperm. Shrubs with simple exstipulate leaves, and schizo- 
genous resin-dncts. 

Pittosporuni Tobira, undulatum, crassifol'mm, are ornamental shrubs from 
Australia. 

Order 5. Hamamelidacej:. Flowers frequently diclinous and 
apetalous, 4-5-merous, perigjnous, or nearly epigynous : stamens 
typically in two whorls, but one or other of the whorls is fre- 
quently suppressed: ovary usually bilocular: leaves stipulate. 

Hamamelis virginica, the Witch-Hazel, is an ornamental shrub from North 
America, the leaves of which somewhat resemble those of the Hazel. Other 
well-known shrubs are Parrotia, Liquidambar, etc. 

Order 6. Podostemacej;. Small aquatic plants: flowers some- 
times diclinous or dioecious : penanth generally much reduced, and 
sometimes completely suppressed : stamens one or many, some- 
times monadelphous : ovary superior, 1- 2- or 3-locular : seeds 
many. 

A Tery remarkable group of plants, growing on stones, etc., in swiftly flowing 
streams and rivers of the tropics : so complete is their adaptation to their en- 
vironment that they have more or less completely assumed the general habit 
and appearance of Lichens, Algse, Mosses, and Liverworts. 



SUB-CLASS II. GAMOPETAL^. 

Flowers nsually ambisporangiate : perianth differentiated into 
calyx and corolla ; calyx nsually gamosepalous ; corolla generally 
gamopetalous, in some cases suppressed: ovary usually syncarpous. 

SEBIES L HYPOGYNiE. 

Ovary superior (except in Vacciniacess) : stamens epipetalous, 
or free and hypogynous. 

Cohort I. Lamiales. Flower pentamerous, nsually dorsi ven- 
tral: the formula is generally >|^ K (5) (0 (5) A 5) G^^\ corolla 
usually bilabiate, the two posterior petals being connate and 
forming a frequently helmet-shaped (galeate) projecting upper 
lip; the anterior petal, with the two lateral petals, forming the 
under lip : stamens epipetalous ; the posterior stamen is usually 
suppressed or is a staminode ; the two lateral stamens are generally 
shorter than the two anterior ones, so that the flower is didynam- 
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0Q8 : the two median cai-pels form a usntilly bilocular ovary which 
sometimes becomes-sub-divided into fonr loculi ; leaves scattered, 
or opposite decaasate, exstipulate : the leafy shoota have no ter- 
minal flower. 

Order 1. Labiatjg. Stamens four, didynamons (Fig. 443 B); 
rarely, as in Salvia and its allies, only the two anterior stamens are 
developed: the bicarpellary ovary becomes snbdivided by spurious 
dissepiments into fonr loculi (see Fig. 450 C), which part, as the 
seed ripens, into fonr 
nutlets (Fig. 443 C) ; 
style gynobasic : the 
ovule in each loculus 
is solitary and erect: 
seed without endo- 
sperm. Herbs with 
decnsaate leaves and 
quadrangular stent. 
The flowers are dis- 
posed apparently in 
whorls round the 
stem, but the inflor- 

made np of compound 

cymes or diehasia, 
termed vertieillasters, 
il of each of the two opposite leaves. 

Tribe 1. Ocimoideie. Stamens i, descending. 

Oeimum iatilicvm, the Sweet Basil, from India, and Iiavondnla, the Laven- 
der from Southern Europe, are cultivated as pot-herbt : several species of Coleua 
are cultitaled. 

Tribe 2. Menthoidta. Stamens 4, equal, ascending, divergent: corolla 
almost regular, 4- oi 6-lobed. 

Many species of Mentha, Hlut, are common. Fogoitemtm Falchouli yields 
oil of Patchonli. L;copas has only 2 fertile stamens, the two posterior ones 
being abortive. 

Tribe S. SaturHntie. Stamens 4, with broad connective, aaceadiog, either 
almost equal (ThymuH, Origanum), or didjnamous and remote at base, con- 
niving nnder the upper lip. 

Origanum vulgart is tbe Wild Marjoram; the Sweet Marjoram which is cul- 
tivated is an exotic species. Thymut Serpyllum ia the wild Thyme ; the garden 
Thyme is T. vulniirii, from Southern Europe. Satureia hortimii (eiotio) is the 
Summer Savory. Various species of Calamintha (stamens not divergent) are com- 
mon, auoh as C. arveniU, the Common Basil, and C. Clinopodium, the Wild Basil. 




d, sids Tisir- k calyx I 
; u aoder lip. B Floirer of LeouarDB opBned : 

)rt, fflong stamens (mag.). C OjnacBniii; n 
I style (mag.). 

in the f 
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Tribe 4. MelUnnea, Stamens 4, didynamoas, with narrow connective, re- 
mote at base, conniving under upper lip. 

Melissa offi^inalU^ the Bahn, and Hyssopus, the Hyssop, are cultivated as 
pot-herbs. 

Tribe 5. Monardece. Stamens 2, ascending : one theca of each anther is 
either wanting or it is widely separated from the other (see Fig. 331C). 

Salvia verbenaeea, the Wild Sage or Clary, is common. Hosmarinm officin- 
alis, the common Bosemary, is exotic. 

Tribe 6. Nepetea, Stamens 4, didynamous, ascending, parallel; the pos- 
terior two are the longer. 

Nepeta Cataria^ the Catmint, occurs in hedges ; and Nepeta Gleclwma, the 
Ground Ivy, is very common. 

Tribe 7. Stachydea. Stamens 4, didynamous, ascending, parallel; the 
anterior two are the longer : upper lip of corolla usually arched (ringent). 

Lamium alhum, the Dead-Nettle, and purpureum, are very common. Various 
species of Qaleopsis (Hemp-Nettle), Stachys (Woundwort or Betony), Marrubium 
(Hurehonnd), Ballota, Melittis, and Leonurus (Mother- wort) are found in 
England. 

Tribes. ScuteUariea, Stamens 4, didynamous, ascending, parallel; calyx 
elosed when the fruit is ripe. 

In the genus Scutellaria, the anthers of the anterior pair of stamens have but 
one theca; S. galencvlata^ the common Skullcap, and 8, minor, the Lesser 
Skullcap, are common. In the genus Prunella each filament has a small 
tooth below the anther : P. vulgaris is common. 

Tribe 9. Ajugoidea. Stamens 4, didynamous, ascending, parallel ; the pos- 
terior two are the shorter : upper lip of corolla very short. 

Ajuga reptanSf the Creeping Bugle, and Teucriun Scorodonia^ the Wood 
Germander, are common. 

Order 2. Verbenaceje. Flower sometimes regular : stamens 

four, didynamous, or two: ovary 1- or 2-locular, with two ovules 

in each loculus, or spuriously 2- or 4-locular in consequence of the 

presence of false dissepiments, v^ith one ovule in each loculus : 

endosperm small or absent: the fruit separates into 2-4 nutlets: 

style terminal : leaves usually opposite. 

Verbena officinalis , the Vervain, is common on waste ground and roadsides : 
V, Aubletia is a common garden plant. Tectona grandis, the Teak-tree of the 
East Indies, has a hard wood used in sUip-building. Vitex Agnus castus, the 
Chaste or Hemp-tree, is an ornamental cultivated shrub. 

Order 3. Globulariacej:. Stamens four, didynamous : ovary 
unilocular, with one suspended ovule : style lateral - seed with en- 
dosperm : leaves scattered : inflorescence capitulate, 

Globularia vtdgaris and cordifolia, with radical leaves, occur here and there in 
dry places on the Continent. 

Cohort II. Personates. Flowers pentamerous, usually dorsi- 
ventral : stamens epipetalous : the posterior stamen is usually 
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suppressed, or appears as a staminode : carpels 2, median : ovules 
usually indefinite. 

Oi-der 1. ScKOPHULAKiACKiE. Ovarj bilocular, with numerous 
anatropous ovules borne on axile placentae : seed with endosperm : 
stamens four, didydamous, often with a rudimentary fifth posterior 
stamen (Fig. 445 i?, st) ; sometimes only the two lateral stamens 
ai^ present ; i^arely all five are fertile : corolla with imbricate 
(cochlear) aestivation : general floral formula as in Lamiales. 

Sub-order 1. Pseudosolane*. Flower nearly regular : the two posterior 
petals are external, the anterior internal : stamens usually 5 : leaves scattered. 
The genus Celsia has only 4 stamens. In the British species of the genas 
Verbascum, V. ThapsuSt the great Mullein, has unequal stamens, the two 
anterior being longer and glabrous, whilst the three posterior %re short and 
their filaments have white hairs ; the stamens are similarly imequal in V. virga- 
turn and in V. Jilattaria^ but here the hairs are purple and are present (though 
fewer) on the filaments of the long stamens : in V. LychnitiSf nigrum^ and 
pulverulent inn the stamens are all similar, the hairs being purple in F. nigimi 
nnd wliite iu the two other species. 






Fio. 444.— Floral diagramH, A of most Scrophnlariacepe ; B of Veronica; Cof the Lenti- 

bulariaoeee : o upper, u under lip. 

Sub-order 2. Antirrhoideje. Flowers irregular : corolla as in the preceding, 
the two poHterior petals forming the upper lip of the corolla : stamens 4 : leaves 
opposite. Antirrhinum, the Snapdragon, has a projection on the lower lip of 
the personate corolla, termed the palate ; the corolla is gibbous at the base ; 
stamens 4 (Fig. 445 A li): A. majus, the great Snapdragon, is a well-known 
garden plant. Linaria has a spurred personate corolla ; stamens 4 : L. irulgaH*, 
the yellow Toad-Flax, is common in fields. In Gratiola the two anterior 
stamens are represented by staminodes. Paulownia imperialisis an ornamental 
flowering tree from Japan. Limosella (L. aquatica, the Mudwort) has a sub- 
campanulate corolla with a short tube. Mimulus ( M. luteun^ the Yellow Monkey- 
flower) has a subcampanulate corolla with a two-lipped limb ; the two lobes of 
the stigma close together on being touched. Maurandia and Bhodoohiton are 
genera of plants climbing by means of sensitive petioles. Many species of 
Mimulus (Musk), Calceolaria, Chelone, and Pentstemon, are cultivated. 

Sub-order 3. Bhinanthoide^. Flower irregular: the two posterior petals 
are overlapped by the lateral petals : stamens 4, or 2. Digitalis, the Foxglove, 
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1 obliquelj oampantilate (digital! form) oorolla ; stsmens i : D. purpurea 
1 woods; the jellow D. grandijlora is cultivated. Scrophulaiia 
has a globoBs corolla; S. nodosa (Figwort) and S. aquatica are common. 
Veronica, the Speedvell, has onlj the 2 |>osten)-lateral stamenB. and the two 
lob«g of the upper lip of the (rotate) corolla are united ; the poateiioF lobs ol 
the caljx ia Boppreaaed (Figs. 444 B, 415 C) : V. Anagallia ami V. Beccabunga 
are common in ditohee; V. amtMii, ajreetii, lerpyUi/olia, CUamadiyt, and 
otbeia in pastures and fields, Sibtborpia has a sub-rotate Ci-S-fid corolla, 
and lour stamens; S. europita is the Comish Monej-wort. 

PedicuUris, the Lousewort, baa a fi-toothed calyx, and the upper lip of the 
corolla is galeate : Euphrasia, the Eyehriglit, has a 4-toothed calyx, the upper 
lip of the corolla has two spreading or reSexed lobes : Bartsia has a 4-toothed 
oalji, upper lip ol the ringent corolla entire or only notched : Bhinanthus, the 




Battle, has a four-toothed inflated calyx : Melampymm, the Cow-Wheat, has a 
4-tootbed tubular calyx, and the oapsale is few-seeded : all these plants possess 
chlorophyll, but they are more or less parasitic upon the roots of other plants. 

Order 2. Plantaqinacej;. Flowers regular, isobilateral, and 
apparently tetramerona, bat the true interpretation of them is de- 
duced from those oE Veronica (Figs. 444, B and 446) : the posterior 
sepal is suppressed, as also the posterior Btamen ; the two posterior 
petals cohere to form an upper iip whieh ia qnite similar to one of 
the lobes of the three-lobed lower lip (Pi^. 445 G) : stamens fonr, 
the two anterior not being SQppi"essed : ovary dimerous, bilocnlar. 
or sometimes unilocular or spuriously 4-locular : ovules solitary 
and basal, or nuraerons: fruit a capsule with transverse dehis- 
cence, or a nutlet : seed with endosperm. 
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Plantaffo Uinaotata (Ribwort), major, nudi'a, the Pkntaim, Me w«edB 
tiniTergtIly diatributed. 1'. Coromput, the Book's-boni Plantain, and P. viari- 
timo, grow in dry placea and on iand; 'lea-riiotM. The laaTM fonn a rosette 
jnat above the root, and the long soapeB spring from their aiiJa, bearing simple 
>pikei (Fig. 44fl ii. d). In P. Cynop*. Fitjllivm, and others, ths mun stem is 
elongated : the testa o( the seed is mncilagiDons. In Littorelta laautrit the 
Sowers att motusoions; fruit 1- 
seeded, indehisoent ; Btamena hj- 
pog7hone : it grows on the bottom 

Order 3. Biqnoniacex. 

Stamens generally four, di- 

df namoQB : OTary bilocnlar 

or Duilocnlar: seeds nanally 

winged, without endoeperm. 

Woody platttfl ; freqnently 

Fio. *w,— Flower of PianiBBo: a uisottha climberB, by means of twin- 

rHort«»iicB(M»i«)i ibract; Jcaly.; coor- in„ stems, or leaf-tendrils, or 

irmB., i* the Tipper. %„<i u (ho under lip. TOOtS (Tecoma). 

Caialpa bigiuiiiMdei is an ornamental tree from North Amerios: Bignonia, 
Tecoma, and Eocremocarpna, are well-known cnltivated olimben. 

Oi-der 4. Acasthace*. Stamens foor, didynamone (diagram 
AH in Fig. 444 A): ovary biloonlar: ovnles few on projecting 
placenta- : seed withont endosperm. Herbs. 

Acanthui rnollii and other species from Sontbem Europe, are ornamental 
plants : Thuobergia and Bnellia are commonly cultivated : Adhatoda, Jnaticia, 
and others have only the two antero- lateral stamens (as in Fig. M4 C). 

Order .'). Gksnkrace*. Stamens nsnally fonr, didynamons, or 
HomctimeK two only : ovary unilocalar, with nnmerons parietal 
ovnles: sot-d with or withont endospenn. Generally herbs with 
opposite leaves. 

Colamnea. Oloiinia, Achimenel, Smningia, Streptocarpns, and others, are 
omamenial [lUols Trom tropical America: Bamondia inhabits the monntoins 
of Southern Europe. 

Order 6. OunBASCHACE.E. Plants which are destitate of chlo- 
ropliyll, with scaly leaves, parasitic on the roots of other plants: 
otherwise similar to the Gesneracete, 

The commoner apeciea of Broomrapea, occurring in Britaia, ate Orobancht 
miijnr Rod iiiiiior. pnroaitic on Leguminoaie, tlaHor on the Greater Knap- 
weed, Hf (if r^ on Ivy, ramosa on Hemp; mostly ol a browDith or whitish 
hue. Lathriea Squamana, the Greater Toothwort, is geaerally paiaaitio on 
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the roots of the Hazel ; it is o( a pale rose colour vith slightlj blaish flowers : 
the eubterranean acal; leaves each form a Mod of pitcher apparently for the pur- 
pose ot oatohiDg iDBects. 

Order 7, LENTiuuLABiACEai. Only the two antero-lateral atameoH 
are developed (Pig. 444 G) : ovary unilocnlav : ovules nnmerons on 
a free central placenta : Beed without endosperm. 

The numeTOUS species oE Utricularia are floating water-planti with flnely 
diTided leaves bearing bladder-like appendages (modified leaSeta) vhich serve to 
catoh small aquatic animaU (Fig. 447). Pingvicula vulgarie and alpina (Butter- 
vorta) are small plants growing in damp places, with rosettes of radical leaves 
which catch insects by their viscid secretion. 

Cohort III. Polemoniales. riowers generally regular, but 
zygomorphic in consequence of oligomery in the gynecenm; pen- 
tamerons ; stamens epipetalons : ovary of two, rarely five, carpels : 
leaves nsnally scattered and 
exstipnlate ; the infiorescence is 
often cymose, with a terminal 
flower : formula K (5) (C(5) ^5) 
Q^ to (?). 

Oi-der 1. Con voLTCLACE*. 
Usually two median carpels 
forming a bilocnlar ovary, with 
1—2 anatropona ovules in each 
loculnB : the corolla haa nsnally 
a contorted lestivation, twisted 
to the right; frnit a eeptifraga! 
capaule, or a berry : seed with endosperm. Commonly plants 
climbing by twining stems : with milky latex. 

Convolvvlut anieiiiii, the lesser Bindweed (Fig. 339 A), and Cahjiiiiiia 
iiepiiim, the larger Binilweed, the former with two small braoteoles, the latter 
witb two large braoteoles which invest the calyx, and C. Soldaneila, the Sea- 
Bindweed, are common wild plants. Batatas edulii is cultivated in tropical 
America for its edible tuberous rhizome, the Sweet Potato. 

The genas Cuscuta coDaists of po^raaites destitute of chlorophyll, with filiform 
twining sterna, which attach themselves to other plants by meana of haastoria 
(see p. 66), and derive their nourishment from them: the small flowers are 
arranged in fascicles (Fig. 448 b) : the corolla has imbricate aestivation : fruit a 
capsule with transverse dehiscence, 

Cuicuta etiropiFa, the greater Dodder, which occurs commonly on Nettles and 
Hops, ia widely distributed : C. Epiliniiia is the Flai Dodder, and C. Epitkyomm. 
the leaser Dodder, occurs on various low-growing plants ; C. Tnfolii attacks 
Clover, which it often destroys. 
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Ordei- 2. PoLtxoMACt.E. Ovatj aBoallj trimerons and trilo- 
calar, with one erect or aeTeml oblique ovules in each locolus: 
oapHulo loculicidal : seed with endosperm. Mostly herbe. 

I'oltmoiiiiim eirriileiiiu ia Jacob's Ladder ; various epeciea ol Phloi aod Gilia 
are common gaiden plants. Cobtea is a geaoa ot plao'a climbing by meaos 



Oi-der .i. MoLASACK*. Ovarj usually consists of two obliquely 
placed CHi-pels (Fig. -iili l>), bilocular, with numerous ovules in 
each locnjns; the axile placentfo sometimes project so far into the 
loculj that the ovary appcurs to bo qnadrilocular, as in Datura: 
ovules campyJoti-opouH ; fruit a capsule with vai-ious dehiscence, or 
a beriy ; seed with endosperm. Herbs, occasionally woody plants, 
sometimes climbers by initable petioles (e.g. species of Solanum); 
without milky latex. Inflorescence cymose, but complicated by 




the displacemea' 
diagram of 
mi nates w 
terminat 
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common Centaury, is common in pastures (Fig. 451). Species of Cicendia and 
Ghlora also occur in Britain. 

Bub-order 2. Mentantheje. Leaves spiral : corolla with valvate aestivation. 

Menyanthes trifoliata^ the Buck-beau or Bog-bean, with ternate leaves, is 
common in marshes (Fig. 324 F) : Villarsia nymphaoides (or Limnanthemum 
peltatwn) is found in ponds and rivers. 

Order 2. Loganiacej). Corolla with usually valvate sBstivation : 
ovary asnally bilocalar, each localus containing one or several 
ovules: seed with endosperm (Fig. 295 -4). Mostly trees with 
opposite and usually exstipulate leaves ; some are climbers with 
either twining stems (e.g, Fagrsea, Grelsemium), or stem-tendrils 
(species of Strychnos). 

Semen Strychnia or Nux vomica^ the seed of Strychnos Nux vomica^ in the East 
Indies, is extremely poisonous. The South American Indians poison their 
arrowa-With a substance known as Curare, in the preparation of which the 
cortex of species of Strychnos is used. 

Order 3. Apocynace^. Corolla with contorted aestivation. The 
two carpels are usually connate only by their styles, which become 
free as they ripen : seed usually devoid of endosperm. Herbs or 
shrubs, sometimes climbers, with milky latex. 

Vinca minor (see Fig. 324 A) and other species, the Periwinkles, are common 
creeping plants, wild and in gardens. Nerium Oleander^ an ornamental shrub, 
and species of other genera (e.g. AUamanda, Landolphia, Amsonia, Dipladenia) 
are often cultivated : AUamanda and Dipladenia include scrambling species, 
climbiug by means of hooks: AUamanda has a unilocular ovary with two 
parietal placentae. 

Order 4. Asclepiadacejs. 
Corolla with usually imbri- 
cate aestivation. The two 
carpels usually form two dis- 
tinct monomerous ovaries : 
styles short, united into one 
stigma : stamens connate, 
forming a tube surrounding 
the gynseceum, having pouch- 
shaped (Fig. 452 A B, t) and 
spur-shaped (Fig. 452 A B, h) 
appendages : anthers 2-4 
locular; the pollen of each 
sac forms a mass (pollinium, see p. 434), and the masses of each 
pair of contiguous sacs adhere (Fig. 452 (7, p, p) and are conveyed 




Fig. 462.—^ Flower of Asclepias (mag.): c 
the refiexed corolla ; n stigma ; h the spurs, t 
the poaches, of the stamens. B A solitary sta- 
men; a the anther, C Pollen -masses, )) and p. 
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]iy infiectR to the Rtigmata: ovniea nQmeroni), attached to the 
ventral Rotore : seed usually without endosperm. Generally woody 
plants, often climbers, with milky latex. 

.Urlepiia lyriarit and othor »peei-8 are grown in eardens. Stap«Iiti baa a 
fle«li; cutas-lihe Btem. Huyii camaia, tbe Wax flower, Periploca graca 
a cnlUvated climbing plants with twiniug Btemj. 



Veroiitgia Oardiuri, 



Order 3. OleacE-E, Calyx and corolla naually l-merous, some- 
times wanting; stamens and carpels two, alternate: ovary bilo- 
cular: ovules 2 in each iocul us: fruit a capsule, a berry, a drnpe, 
or a samara: seeds 1— i, usually with endosperm: stem woody: 
loaves always decQRsate. 

Sab-order 1. Oleini^. Fruit a ben? or a drnpe : SMd saspeuded. 




LigDBlram ha* a baccate fmit ; L. vutgart, the Print, 18 a commoa shrab. 
Olea baa a drnpaceoui frait ; O. europira is the Olive'tree ot tbe East and of 
Siiutbern Europe. Phtllyrea, Osmaothas, and Chionanthns, are cultivated as 
ornamental Bhrubs. 

Sub-order 3. Friiine.e. Finit a Eamara: seed suspended. 

Tbe genus Fraxinua has a vinged fruit ; in F. exteltior, tbe Mmmon Ash, the 
perianth is suppr.9-*il and thefloKeraarepolfgamoas: inF.Omiu. the Manna- 
Ash of Southern Europe, tbe )>eriaulh is complete, and the corolla ia deeply 
cleft (FiK.-l.i3-l)- 

Sub-order S. Sihimoka. Fruit a locuhcidal capsule: seed suspended. Tbe 
i:i'nus Krriuga has a tubular corolla vith a 4-1obed limb; S.vulgarU is the Lilac: 
KoTsylhia is a nfll-hnown sbrub, baTiiig numerous seeds. 

Sub-onler 4. JtAitiNE.E. Fruit a constricted capsule or berry : ovules 
SH-ending: seeds eialbuniinoas : cal;i and corolla often s-10-meto«s (see 
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The flowers of Jasminum fjrandifloruni and other species belonging to 
South em Europe, contain a very fragrant ethereal oil. 

Cohort V. Ebenales. Flowers acfcinomorphic, 4-8-merous ; 
formula often iC(4) 0(4) -^4 + 4, (?ii', the outer (antisepalous) 
stamens being sometimes suppressed : stamens epipetalous : carpels 
opposite to the sepals ' ovarj multilocular, with one or two sus- 
pended ovules in each loculus : fruit usually fleshy; seed usually 
with endosperm. 

Order 1. Sapotaceje. Tropical trees with latex in sacs. 

The latex of species of Palaquium, Isonandra, Mimasops, etc., constitutes 
gutta-percha. 

Order 2. EBENACEiE. Trees ; flowers generally diclinous. 

Diospyros Ehenum in the East Indies, and other species in different parts of 
the world, yield the wood known as Ebony : D. Kaki, the Persimmon, has an 
edible fruit. 

Order 3. Styrace^. Flowers perigynous or epigynous : trees. 

Gum Benzoin is the resin of Styrax Benzoin in the East Indies : Halesia 
tetraptera the Snowdrop- tree, is a shrub frequently cultivated. 

Cohort VI. Primulales. Flowers actinomorphic, usually pen- 
tamerons : formula ^(5) (C(6) -40 + 5) G^^i stamens inserted on 
the tube of the corolla and opposite to its lobes : gynseceum con- 
sisting of five connate carpels which are opposite to the sepals ; 
ovary unilocular, with a free central placenta or a single central 
ovule : seed with endosperm. 

Order 1. Primulace^. Style single : ovules indefinite, on a free 
central placenta (Fig. 338 G) : the corolla is gamopetalous, tubular 
below, expanding above into a 5-lobed limb ; it is suppressed in the 
genus Glaux : the stamens (Fig. 454 a) are generally adnate to the 
tube of the corolla and are opposite to its lobes ; this position of 
the stamens is explained by assuming the suppression of an outer 
antisepalous whorl of stamens which is represented in some genera 
{e.g. Soldanella) and in the following order by petaloid staminodes, 
an assumption which is confirmed by the analogy of those Ebenales 
in which the outer whorl of stamens is suppressed : fruit a capsule. 
Herbaceous plants with conspicuous flowers. 

The genus Primula has a 5-valved dehiscent capsule, and a 5-cleft calyx. 
Primula vulgaris is the Primrose ; Primula elatior and P. veris are the Oxlip 
and the Cowslip or Paigle ; they are remarkable in that they are heterostyled 
(see p. 455). The capsule of Anagallls arvcnsiSf the Pimpernel, dehisces 
transversely (pyxidium). Cyclamen europceum^ the Sow-bread, has an under- 
ground tuber; the lobes of the corolla are reflexed. Lysimachia, the yellow 
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Loosestrife, has a deep); 6-cleft calyx. TrienleJia, the Chickneed Winter- 
green, has usuiJly a 7-meroua Hover. The oth«i British genera are Eottonia 
{H. pahutrii, tlie Water-violet), Samolus (S, 7alerandi, the Brookweed), and 
Glaui (G. mantima, the Sea MJIk-wort). 




long-Blyled tnn 



Order 2. Myrsinacbx. These plants differ from the preceding 
in that the frait is baccate and the stem wood; : a whorl of sta- 
minodes alternating with the petals is present in some genera (e.g. 
Theophraata). 

Ardieia, nitli red berries, ia a well-knona ornamental plant. 

Order 3. Plumbaginace*;. Styles five ; there ia a aingle basal 
ovule in the cavity of the ovary, pendulous on a long fnnicle ; 
flowers often small, in denae inflorescences with numerous bracts : 
no trace of an external antisepalons wborl of stamens. 

In the genaa Armeria the Sowers are in capitula oF acorpioid cpnea. which are 
anrrounded bj an involucre formed of the lower scarioua bracts with downward 
prolongation a embracing the peduncle j A. maritima, the Thrift, occnra on sandy 
aoila. Statice I.imonium, the Sea-Laveoder, with racemoae ajmea, oecars on 
sand; aea-shorea. Plumbago occurs in Southern Europe and in the East 
Indies. 

Cohort VII. Ericales, Flowers 4-5-meroma, actinomorphic: 
stamens usually in two wborla and then obdiplostemonons, nsoally 

hypogynouB I carpels opposite to the petals: formula K'(n), C(n), 
I An + n, G(a), where n = 4 or 5: ovary superior or inferior, 
mnltilocolar, with lai^e recurved asile placentte : seed with en- 
dosperm : anthers sometimes appendiculate (Pig. 332 B). 



DICOrTLEDONES : 

Order 1. Ebicace^, Anthers generally opening by two pores at 
the top (Fig. 455 ^1), often famished with appendages; pollen 
in tetrads ; fruit a capsnle, or snccnient : a well -developed disc. 

Sab-order 1. Bhododesdboidb^. Fruit ft Bepticidal capsule ; corollft fagH- 
cious : anthers nitboat appaudB^es. 

Rhododendron ferrugineaia and hiriutam, the Alpine Boses, are wild on the 
continent : other species of Rhododendron (iiicL Azalea), from the mountaiuB 
of Asia and North America, as also species of Ealmia from North America, are 
eoltivated. Dahofcia polifoUa. the Irish Menziesia or St. Dabeoc's Heath, 
Fhylladoct taxifolia, the Scottish Menzieaia. and Loiitlearia procumblKi, the 
trailing Azalea, represent the iub-order in the British Flora. 

Snb-order 2. ABBOTOinES. Fruit a berry, or a drupe, or a loculicidal cap- 
Fnle : corolla fugacious : anthers nsuall}! appendioulate. 

Jjidrointda Polifolia, the Marsh Andromeda or Wild Bosemarj, ocours in 
peat-bogs, and ArctotCaphyUu Uva Vni and alpina, the red and the black 




> pediile] ; i cal;! ; c 
U JicaLyii/ trait, the Igoali ol 
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Bearberry, on the mountains of Scotland. Arbiitni JJrudo is the Strawberry 
tree of Sonthern Europe, and Gaultheria is the Aromatic Winter-green. 

Sub-order 3. EnicoioEf. Fruit usually a loculicidal capsule : corolla per- 
sistent : anthers usually appendioulate. 

Callnna Erica, the Ling or Heather, with a septicidal capsnle and a deeply 
4-partite coloured calyx, ia common on moors: the principal British species 
of Erica, are E. mediUrriiitfa (or eanua). the Irish Heath ; E. TetralU. the 
croas-leaved Heath ; E. ci'ieren. the grey or ane-leavad Heath ; and E. vigatti, 
the Cornish Heath. Very many species belong to the Maditerraoeaa legion, 
and to the Cape. 

Order 2. Epacridace*. The whorl of stamens opposite the 
petals is usnally wanting : the anthers open by one tissure only. 
Anstralian plants. 

V. s. B. u n 
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lar, with nunierons anatropona ovnles : fmit a capsole : aeed t 
endosperm. Uerba or ahruba naually with milky latex. 



.. Dortmnnni, tlie Wfttet Lubelia, and L. i 
iB parti o( Gugtond. 



r, the fterid Lobelia, oteat in 



Cohort II. Rubiales. Flowers generally regular, actinomor- 
pliic or Ej^^morphic : calyx generally present: atamens epi- 
)H?talout< : );yntcceam 2-5-merona : ovary nni^ or multi-lociilar : 
ovnles y— 00 : leaves genemlly oppoaiU. 

Ordor 1. Rihiacex. Flowers regatar, 4- or 5-tneroasi calyx 

Wfy or soppreased: corolla with valvate tpstivation : ovary 

1- or 2-looDlar, conaisting of '2 carpels, 1- or many-seeded : seed 

nsnftUy containing 

endosperm : leaves 

stipales (see 
p. 4S} often similar 
to the tme leares 

(Fiy. 459 A, nn): 
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limb which persists on the top of the fruit ; S, arvensis^ the Field Madder, is 
found in cultivated and waste places. 

Sub-order 2. Coffees. Stipules scaly ; loouli 1-seeded. 

Coffea arabicaf the Coffee-tree of Africa, is grown in the tropics ; the fruit, a 
berry, contains one or two seeds ; the so-called coffee-bean is the seed, which 
consists of hard endosperm and contains a small embryo. Cephaelis yields 
Ipecachuana. 

Sub-order 3. Cinchoneje. Stipules scaly ; loculi many-seeded. 

Various species of Cinchona, indigenous to the eastern slopes of the Andes, 
but cultivated in Java and the East Indies, yield the cinchona bark from which 
Quinine is prepared. Bouvardias are ornamental greenhouse plants from 
Central America. 

Order 2. Caprifoliacej;. Flowers usually pentamerous, actino- 
morphic or zygomorphic : corolla usually with imbricate estiva- 
tion ; gyneeceum 2-5-merous : o vales suspended : fruit baccate ; 
seed with endosperm: leaves opposite, usually exsfcipulate. 
Mostly trees or shrubs. 





Fig. 480.— Floral diagram of 
Gaprifoliaceae. A Leycesteria : 
o gynseceum of Lonicera ; b of 
SymphoricarpuB. 

Fig. 461.— Flower of Lontcaro Capn/oHum : /ovary ; fc calyx; r corolla-tabe ; c c the five 

lobes of the limb ; st stamens ; g style ; n stigma. 

Tribe 1. Samhucea, Flower regular, sometimes completely actiuomorphic, 
corolla rotate (Fig. 329 C) : one ovule in each loculus. 

Sambucus has a 5-partite corolla, and 3-5 seeds in the berry ; S. nigra is the 
Elder ; 8. Ebulus is the Dwarf Elder or Danewort. Viburnum has a 5-partite 
corolla, and one seed in the trimerous berry, two carpels being abortive ; V. 
Lantana and F. Opulus^ the Guelder Rose, are common ; a form of the last 
species is cultivated in which all the flowers (and not merely those at the 
circumference of the corymb as in the original species) have a large corolla, and 
are barren ; V. Tiniis is the Laurustinus. Adoxa moschatelUtia, the Moschatel.is a 
small plant occurring in damp woods ; its flowers are 4- or 5-merous ; it appears 
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that there ig oo wtlyi, (hat which U regarded a 
inTolacre of braoteolea and bract ; the atameos 
thai there are 8-10 bilocnlar aothcrs. 

Tribe 2. Lonicererr, Flowera more or lesa irregalar, zygomorphic ; eorolla 
tabalar : locali containing aeverat ovnlee. 

Lonicera, the Honeysnckte, baa a aomewhat bilabiate coroUa (Fig. 461), and a 
2-S-loc(ilar ovarj ; L Capri/aliuia and PericlynieimiB, with a elimbiDg stem, are 
wf^ll-knowD gardeo ehrabe; in many apecieB the tmit of two adjacent flowere 
grow together to form a tingle berry {e.g. L. alpigtna). Symphoriearpia 
Taeemoim, the Saowberrj, baa a 4~5'locular ovary with white beniee ; it ia a 
oommon ornamental ehrub. Diervilla (or Weigelia) has a bilocalar capsule ; D. 
jlorida and roiea are ornamental ahrnbe. Linnaa barralU ia a email creeping 
plant ia Scotland ; it haa 4 uneqoal etameoB, the poateiior being BDppreased, and 
a trilocnlar ovarj. 

Cohort III. AsteraleS' Flower either irr^nlar or regular, 
pentamerous, zygotnorphic in eonseqaence of oligomery in the 
pjniecenm ; calyx iacoospicuoas, often wanting : etamens epi- 
petalons, alternating with 
the segments of the corolla: 
ovary nnilocnlar, ovnle soli- 
Order 1. Valebiasacks. 
Flower iiregnlar : calyi 
rndlmentarj, Bometimes 
event nail J assuming the form 
of a hairy crown of ten rays, 
called a fopptu, which is not 
developed nntil after flower- 
ing (Fig- 462 B, p) ; during 
flowering it remains short 
and infolded (Fig. 462 A, k): 
stamens 1-4, nsnally three : 
carpels three, of which, how- 
ever, nsnally only one de- 
velupes, so that the trnit is 
anilocolar (Diagram A, Fig. 
4t>^) : ovnle single, sus- 
pended : seed without endo- 
sferni ; leaves decussate, es- 
sti palate. 
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have a pappas whilst Yalerianella has not. Valeriana officinalis^ and dioicaj are 
common in damp places. Yalerianella has a toothed calyx- limb ; many species 
are common in fields : VaUrianella olitoria^ Corn-salad, or Lamb's-lettuce, is 
eaten. Centranthus ruber is an ornamental plant ; only one stamen and one 
carpel are developed (Fig. 462, Diagram B) ; at the base of the tube of the 
corolla is a spar which is indicated in Valeriana by a protuberance. 

Order 2. Dipsacej:. Flower more or less dorsiventral, sur- 
roanded by an epicalyx (Fig. 463 k^) formed of connate bracteoles: 
calyx often plumose or bristly (Fig. 463 k) : corolla usually bila- 
biate : stamens only four, the posterior one being suppressed : 
ovary apparently dimerous, one carpel being more or less com- 
pletely suppressed, unilocular, with one suspended ovule : seed 
with endosperm : leaves decussate, exstipulate : flowers in a dense 
capitulum surrounded by an involucre of bracts : the outer florets 
are usually ligulate : the receptacle may or may not bear scaly 
bracts (paleae) : fruit invested by the epicalyx which is cleft longi- 
tudinally. 

Dipsacus, the Teazle, has a calyx without bristles ; the capitula of Dipsacua 
FulUmum are used in finishing woollen cloth, for the sake of the strong hooked 
spines of the paleaB : D. sylvestiis is common on waste ground. In the genus 
Scabiosa, the paleaB, which are usually present, are not spinous : in the sub-genus 
Asterocephalus, the epicalyx (or involucel) is 8-furrowed, and its projecting limb 
is dry and scarious ; S, Columbaria, with a 5-lobed corolla, is common in dry 
pastures ; in the sub-genus Succisa, the limb of the 8-furrowed epicalyx is her- 
baceous ; S. succisa, with a 41obed corolla, occurs in damp meadows: in the 
sub-genus Enautia, there are no palesB but the receptacle is hairy, aind the epi- 
calyx is 4-furrowed ; S, arvensis is common in fields. 

Order 3. CoMPOSiTJi:. The flowers are always collected into 
many-flowered capitula (sometimes only 1-flowered) ; different 
kinds of flowers ( J ? ? > or sterile) generally present in the same 
head : ovary dimerous unilocular, with a basal, erect, anatropous 
ovule : the calyx is rarely present in the form of small leaves or 
scales (Fig. 466 D, p) ; more commonly it is a crown of simple or 
branched hairs (pappus; Figs. 464 p\ 466 -4, ^, jo), and is not 
developed till after the flowering is over ; sometimes the 
calyx is wholly wanting : corolla tubular, either regular, and 5- 
toothed (Figs. 464 A, c; 466 (7, m, c), or irregular and expanded 
at the upper end in a lateral limb with 3 or 5 teeth (Figs. 464 B ; 
466 J5, ra\ 466 J., ra, c), when it is said to be ligulate : the sta- 
mens are short, inserted upon the corolla (Fig. 464 A, st) ; the 
anthers are elongated and syngenesious, forming a tube through 
which the style passes (Figs. 464 A, a ; 466 J., a) : this is bifid at 
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its upper end (Vig. 464 A, n ; 466 A and C, n) : on each of these 
bninches the stigmatic papillie are arrang'ed in two rows ; in the 
wholij- ? flowers the styles are usually shorter (Fig. 464 B, g) : 
fniit a cypsela (p. 5:iO), ci-owned by the pappus (Fig. 466 A, E, D, 
p) wlien it is present (Fig. 466 F,f) : sometimes the fruit has its 
upper end prolonfted into a heak, and its surface is covered with 
ridges (ir spines (Fig- 466 E) -. seed without eudospenn. 

L'saally herbs with scattered (more rarely decnssate),exstipit1ate 
leaves, often with milky latex. The capitala are always surrounded 




1. «S.— Floral dia. 
of Compoaits 
(tabular OoreC). 



by a number of bracts foi-raing an involncre (Fig. 466 B, C, t). 
The scaly brncts of the individual florets (paleie) may be present 
or wanting (Fig. 466 0, d). 

The Composite are classified according to the form of the 
flowers and lo the distribution of the different kinds of flowers in 
the infloi-escence. 

Sub-order I. TuncLiFi^BS. Tbe capitnla either oonsista entirely of g tuba. 
iRt florets (by tubular flowers are meant those with a regular S-toothed corolla) 
oi- the eentrftl florets (florets of the disc) are tubular and ? (Fig. 464 A), 
whereas the florets of the ray are ligulate and ? or sterile, and form one or two 
rowa (Figs. 464 if ; 460 C and V, ra). 
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- Tribe 1. Eupatarieie. Leaves mostl; opposite ; flowers all tubular, ^ ; the 
branohes of st;le narroir; papills exteodiag to the middle. 

Eupatoriam eamiabiiraia, the Hemp Agrimon.T, is common in damp places. 

Tribe 3, Aittroidta. Leaves alternate ; raj-floreta $ or sterile, generally 
lixnlate ; branohea of the style hair; above, papills aiteoding to where the 
hairs begin. Uany species of Aster, belonging ohiefl; to Korth America, are 
Dultivated as ornamental plants, as also CallUtephut horiennt, commoal; known 
as the China Aster. Erigeron aere, alpiniim. and canadenie occur in England ; 
the last ia an imported v/eei. Bellit perennu, the Baisj, has no pappus. SoUdago 
uirgaurea is the Golden Bod. 




limb, g. BCapitulnm of Achillea: ra SDreCoF the ntj, i 

m g florets oF che disc, with ■ E-toolhed tubular cornll 

■eciion more highly iaa«n(aed; r receptacle : iinroluci 

of the ray ; m florcte of tbe disc i n stigmata of the ¥ flowers. 1 

witb a scalj pappas: E of Taraxacum, wibb a h^rj pappiu; h 

without a pappas (mafr.). 



Tribe .1. SinecionidKe. Leaves alternate : ray-floreta in one row, ligalate 
$ , rarely absent : branches of the style tufted at the tips. 

SfjiKio nulgarii, the common Groundsel, has no ray-florets. Arnica monlana 
occurs in Alpine woods. Two species of Doronicum (D. Fardatianchee and 
planiagituuBi) have become naturalized in England. Petaiitti vulgnrii, the 
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Butter-bar, and Tussilago Farfara, the common Coltsfoot, are common in damp 
fields. 

Tribe 4. Anthemidea, Leaves alternate: ray-florets $,ligalate or tubular: 
branches of style tufted at the tips : involucral bracts scarious : pappus 0, or 
minute. 

Artemisia Absinthium^ Wormwood, A. vulgaris and campestris are common: 
Chrysanthemum Leucanthemum^ the Ox-eye Daisy, is common in fields : Matri- 
caria Chamxmiilla, the Wild Chamomile, has a hollow conical receptacle 
destitute of palesB : Anthemis nobHiSj the Common Chamomile, has a receptacle 
bearing palese, as also A. arvensiSy the Com Chamomile : Achillea MilUfoUum 
is the Milfoil, or Yarrow : Tanacetum vulgare is the Tansy : Diotis maritima is 
the seaside Cotton-weed. 

Tribe 5. Heliantlwidea. Leaves opposite : ray-florets or lignlate, yellow, 
$ or sterile : branches of style as in AsteroidesB. 

Bidens is common in wet places. Galinsoga is naturalized in England. Heli- 
anthus annuus is the Sunflower ; oil is extracted firom the seeds : the tubers of 
H. tubfrosus, a West Indian species, are rich in inulin (p. 114), and serve as 
a vegetable (Jerusalem Artichoke). Species of Zinnia, Budbeckia, Dahlia, and 
Coreopsis are cultivated. 

Tribe 6. Helenioidea, Besemble the HelianthoidesB, but the receptacle is 
without paleae. Species of Helenium, Tagetes, Gaillardia, are commonly culti- 
vated as garden flowers. 

Tribe 7. hmloidea. Leaves alternate : ray-florets frequently ligulate, ? , 
yellow : anthers appendiculate at base. 

In Inula (I. Helenium, the Elecampane), Pulicaria (P. dysenterica, the Flea- 
bane), and others, the ray-florets are ligulate ; whereas, in other genera, Gna- 
phalium (the Cudweed), Filago, Antennaria, the ray-florets are filiform ; Anten- 
naria is dicecious. 

Tribe 8. Cynarea. Flowers all tabular, the outer ones sometimes $ or 
sterile : style thickened below the branches : anthers often appendiculate at 
base : leaves generally armed with spines, alternate. 

Arctium Lappa {A. majutt)^ the Burdock, is common by roadsides ; the leaves of 
the involucre are hooked and spinous. Cardaus nutans and crispus are common 
(true) Thistles ; Cnicus lanceolatus^ palustris^ pratensis (Plume-thistles), are 
common in damp districts. Carlina vulgaris is the Carline-Thistle ; the inner 
leaves of the involucre, which are white, fold over the flower-bead uuder the 
influence of moisture, but in drought spread widely open. Onopordon Acanthium 
is the Scotch or Cotton Thistle. Centaurea Scahiosa and nigral the Knapweeds, 
are common everywhere : C-. Cyanus is the Corn-flower or Bluebottle, occurring 
in wheat-fields. Cynara Scolymus is the Artichoke ; the flower-buds are eaten 
as a vegetable. Carthamus tinctoria^ the Safflower, is used in dyeing. In Ech^'- 
uops, the Globe-Thistle, numerous one-flowered capitula are collected into one 
large spherical bead. Saussurea and Serratula are the Saw-worts. 

Tribe 9. CalendulecB. Bay-florets $ and usually ligulate : disc-florets usu- 
ally sterile. 

Calendula officinalis^ the Pot Marigold, is a familiar garden plant. 

Sub-order IL Labiatifloile. The $ disc-florets have a regular or a bilabiate 
corolla ; the ray-florets have usually a bilabiate corolla. 
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Tribe 10. MutisUa, Tbis tribe includes all the CompositsB with a bilabiate 
corolla: they come mostly from South America. Mutisia is one of the few 
climbing genera : it climbs by means of leaf- tendrils. 

Sab-order III. Liguliflors. All the florets are $ ; limb of the corolla 5- 
toothed and ligulate (Fig. 466 A). 

Tribe 11. Cichoriea, Mostly herbs, all containing latex in laticiferous 
Tessels (p. 142). 

Taraxacum officinale^ the Dandelion, is the commonest of wild flowers. 
Lactuca na^iva is the Lettuces L. Scariola^ virosa, and others are common in 
waste places. Scorzonera hispanica is eaten as a vegetable. Tragopogon por- 
rifulius is the Salsafy ; T. pratensis, the Goat's-beard, is common. Cichorium 
IntybiLSf the Chicory, is found by roadsides ; the roasted roots are mixed with 
Coffee: C. Endioia (Endive) is a vegetable. To this tribe belong also the 
British genera Hypochasris (Cat's-ear), Amoseris (Lamb's Succory), Leontodon 
(Hawkbit), Hieracium (Hawk weed), Sonchus (Sow-Thistle), Crepis (Hawk's- 
beard), Lapsana (Nipplewort), Picris. 
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PART IV. 
THE PHYSIOLOGY OF PLANTS. 

§ 1. Introductory. The province of physiology is the study 
of those phenomena which, taken together, constitate the life of 
the plant ; in other words, whilst morphology is concerned with 
what plants are^ and histology with their strnctnre, physiology 
deals with what they do. These phenomena may be classified, 
according to their nature, into functiona, or different kinds of 
physiological work. 

The body of the plant, whether it be unicellular or multicellular, 
is one physiological whole. In the lower and simpler plants the 
various functions are equally discharged by all parts of tbe body ; 
but in moT*e highly-organised plants the functions are distributed 
among the members and tissues, that is, there is physiological 
division of labour (see pp. 2, 92). In these higher plants each 
member, and each tissue, is adapted to the performance of one 
or more functions, and is the organ (p. 2) by which these special 
kinds of physiological work are done. 

The performance of their functions by the organs of tbe plant is, 
however, materially affected by various external conditions. For 
instance, the activity of the assimilatory function of green, leaves 
is altogether dependent upon exposure to light of adequate in- 
tensity. Hence the object of physiology is not only to distingaisli 
and study the various functions, and to demonstrate the relation 
between them and the internal structure and the external form of 
the organs performing them, but also to determine wbat are the 
external conditions by which the performance of tbe various 
functions is affected, and the modes in which these conditions exert 
their influence. 



CHAPTER L 
GENERAL PHYSIOLOGY. 

§ 2. The Functions. In entering upon the analysis of the 
vital phenomena of plants, it must be clearly understood tbat these 

phenomena all depend upon the living protoplasm ; tbat tbe vital 

riC6 
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f auctions are performed hy the protoplasm, though the other cell- 
contents and the cell-walls are not without their physiological 
importance. With regard to the functions themselves, it is 
apparent, in the first place, that the outcome of the physiological 
activity of the plant is the maintenance of itself, and the produc- 
tion of new individuals resembling itself. Hence a distinction may 
at once be drawn between the nutritive and the reproductive pro- 
perties of protoplasm. Moreover, during its life, the plant 
responds, in a more or less marked manner, to the action of 
external forces, such as light, gravity, etc. This is a manifesta- 
tion of another property of the protoplasm, namely irritability or 
sensitiveness. Very commonly the response to the action of the 
external forces is of the nature of- movement : but movements may 
be spontaneously performed by various parts in virtue of the auto- 
matism of the protoplasm : the motile property of protoplasm may 
be termed motility. 

The nutritive property of protoplasm requires, however, further 
analysis. First, it is clear that nutrition necessarily depends upon 
the absorption of food from without ; hence the plant is capable 
of performing the function of absorption. Secondly, from the food 
absorbed, protoplasm must ultimately be formed ; the building up 
of protoplasm out of the food is termed assimilation, and the pro- 
perty by means of which this function is performed is termed the 
metabolic property of protoplasm. 

But the metabolic processes going on in the protoplasm are not 
only such as lead to its maintenance or increase in bulk ; on the 
contrary, the protoplasm is continually undergoing decomposition. 

Stating these points in a more general form, it is to be clearly 
apprehended that there are two sets of chemical processes con- 
tinually and simultafaeously going on in living protoplasm. Of 
these, which together constitute the metabolism of the plant, one 
set includes those processes which lead to the formation of more 
complex substances from simpler ones ; the other, those processes 
which lead to the formation of simpler substances by the decom- 
position of more complex ones. The former are designated the 
constructive metabolism or more shortly, the anabolism, of the proto- 
plasm ; the latter are designated the destructive metabolism, or the 
catabolism, of the protoplasm. It must also be clearly understood 
that these two sets of processes affect not only the state of the 
matter or substance of which the plant consists, but also the state 
of the energy in the plant : for the anabolism is accompanied by 
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a conversion of kinetic into potential or latent energy, arid the 
catabolism, by a conversion of potential into kinetic energy. 

These various points will now be severally considered. 

1. Absorption. The main idea connected with this function is 
the taking up of water and other substances into the plant from 
without ; but it must not be overlooked that, in a multicellular 
plant, the cells absorb from each other. 

In any case, the function of absorption depends upon the 
physical process of diffusion through membrane of substances in 
solution, or osmosis. For instance, supposing two adjacent cells, 
one of which has its cell-sap charged with sugar, whereas that 
of tlie other has none ; the sugar will diffuse through the inter- 
vening cell-wall until the sap in both cells holds the same pro- 
portion in solution. This being the mode of absorption, it is 
clear that the substances can only be absorbed in the fluid form, 
either as liquids or gases. 

So far the function of absorption would appear to be a simply 
physical process. It must, however, be borne in mind that the 
cell- wall is lined by living protoplasm, which modifies the purely 
physical diffusion through the cell- wall, both as regards the nature 
and relative quantity of the substances which pass into or out of 
the cell ; so that the physical laws of osmosis, as determined by 
experiments with dead membrane, are not directly applicable to 
the osmotic phenomena of a living cell. 

There is one manifestation of the osmotic properties of living 
plant-cells which is of such fundamental importance, particularly 
in connexion with movement, that it requires special mention. 
It is this, that the cells tend to take up such large quantities of 
water, that a considerable pressure is set up in the cell between 
the cell-sap, on the one hand, and the elastic cell-wall on the 
other. This state of tension is known as turgidity or turgescence, 
and a cell in this state is said to be turgid. The conditions upon 
which turgidity depends are three : first, the presence of osmoti- 
cally active substances in the cell-sap to attract water ; second, 
the presence of a layer of protoplasm lining the cell- wall ; third, 
the presence of an elastic cell- wall. With regard to the first of 
these conditions, the necessity for it is obvious. It Q-ppears that the 
osmotically active substances in question are especially the organic 
acids or acid salts, which are abundantly produced in the meta- 
bolism of plants. The significance of the second condition is, 
that the layer of protoplasm prevents, at least within certain 
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limits, the escape of the cell-sap as the pressure in the cell in- 
creases, and it is on this account that the high degree of turgidity 
of plant-.cells is attained. Finally, the presence of an elastic 
cell-wall is obviously a necessary factor, for without resistance 
there can be no pressure. 

It commonly happens, as will be subsequently pointed out in 
many instances, that an escape of cell-sap from turgid cells may 
take place without any rapture or injury of the cells ; this is 
termed the escape of cell-sap hy filtration under pressure. 

It is clear, since the plant can only absorb dilute solutions of 
solids dissolved in water, that a much larger quantity of water 
than is necessary for the immediate wants of the plant, must be 
absorbed ; and it is necessary that this excess of water should be 
got rid of. It is got rid of mainly in the form of watery vapour 
which is exhaled into the air. This exhalation of watery vapour 
is not simply physical evaporation, but is a vital phenomenon 
controlled by the living protoplasm ; it is termed transpiration. 

2. Metabolism. This term refers to all the chemical changes 
which go on in living protoplasm itself, and which it induces in 
other substances. 

a, Anabolism, It has been already stated that the metabolic 
processes included under this head, are those in which complex 
substances are formed from simpler ones. The most complex 
substance of all being protoplasm, it may be stated that the end of 
the anabolic processes is the construction of protoplasm. 

The anabolic process which is most fundamentally important, 
and which is most characteristic of plants as opposed to animals, 
is the construction, by the green parts of plants under the in- 
fluence of light, of organic substance from carbon dioxide 
absorbed from the air, and water absorbed from the soil. This is 
the first step in the process of assimilation as carried on in 
plants containing chlorophyll. 

&. Cataholism, Under this head are included the dissociations 
which the molecules of protoplasm undergo, and those which it 
induces in other complex substances, either directly, or by means 
of certain metabolic substances known as enzymes or unorganised 
ferments. 

In most cases the catabolism of the plant is accompanied by a 
gaseous interchange between the plant and the air, of this nature 
that the plant absorbs oxygen gas and gives off carbon dioxide. 
This gaseous interchange is known as respiration. 
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The Products of ifelaholUm may be claaHified as pUutic prodadt 
and wa»fe-prodtteU: the former are each as can be farther worked 
np in anabolism; the latter are not so nsed, bat are withdrawn 
from tlie Hphere of the metabolic activity, by being either ex- 
creted, or FiecreteJ in the insoluble form in special receptacles 
(see pp. 137 ff ). Of the prodacts of catabolism, carbon dioxide is 
the mont constant. 

3. Irritability, It m in virtne of the irritability of its 
protoplasm that the plant is in relation with the external condi- 
tions nnder which it is living. Any andden change in the ex- 
ternal conditions, or in the direction or intensity of the forces 
acting npon the plant, evokes some more or less evident response ; 
that is, it acts as a stimithie, indncirig a more or less sudden evoln- 
tion of kinetic energy. The most striking response to the action 
nf a stimulus is the performance of a movement : it must not, 
however, be inferred that because stimnlation may fail to produce 
a responsive movemont of any part, the protoplasm of that part 
is not irritable ; for it mnst be borne in mind that the mechanical 
conditions may be snch as to render movement impossible. 

That it is essentially the protoplasm which is the seat of 
irritability is shown by the fact that naked masses of protoplasm, 
snch as zoospores and the plasmodia of Mjzomycetes, are highly 
irritable. 

■1. Al'TOmatism. Movements may, however, take place without 
the action of a stimnlns, such movements being distingnished as 
upontaueoui or automatic. They are to be ascribed to spontaneous 
evolutions of energy in the plant, which may be sadden or 
periodic. 

h. Motility. This property, by means of which the move- 
ments, whether spontaneous or induced by stimuli, of parts of 
plants are performed, resides, like the irritability, in the proto- 
plasm, as is clearly shown by the movements of naked maeses of 
protoplasm. 

6. RKFKijiifCTios. The function of reproduction consists essenti- 
ally in the throwing off by the individual of portions of its 
protoplasm, by which new individuals resembling itself are pro- 
duced. The i-epi'oductive property is genKrally widely dis- 
tributed in plants, so that almost any part, if out off, can develope 
the missing members, thus completing its segmentation and 
producing a new individnal. In most eases, however, there is 
provision for the formation of special reproductive cells, termed 
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generally spores, each of which is capable of developing into a new 
organism (see pp. 3, 67). 

§ 3. The External Conditions. The functions of the plant 

can only be carried on under a certain coincidence of favourable 
external conditions. Thus, an ordinary green plant will only 
flourish when the conditions are such that it is supplied with 
appropriate food, with water, and with oxygen for its respiration, 
and is exposed to a suitable temperature and to sufl&ciently in- 
tense light. 

The importance of a supply of food and of water is sufficiently 
obvious to need no further explanation here. The importance of 
a supply of oxygen is that without it the normal catabolic pro- 
cesses which are attended by an evolution of kinetic energy in 
the plant would either cease, or be so far suppressed that the plant 
would no longer manifest its vital phenomena ; for instance, it 
would cease to grow, and would eventually die. But it must not 
be assumed that these catabolic processes are the ultimate source 
of energy in the plant : on the contrary, the energy evolved in 
the decomposition of a substance only represents a part or the 
whole, according to the degree to which decomposition proceeds, 
of the energy expended in producing the substance. And here it 
is that the importance of heat and light to the plant becomes 
apparent; for the heat and light of the sun are the ultimate 
sources from which the plant obtains the energy necessary for the 
maintenance of its life. Heat is an essential condition to the per- 
formance of all the vital functions of the plant : and light is an 
essential factor in that most fundamental of all the nutritive 
processes of the green plant, the assimilation of carbon dioxide. 

Inasmuch as the influence of heat and light is so comprehen- 
sive, it may be generally considered now, the detailed considera- 
tion of these and other external conditions being relegated to the 
discussion of the functions which they especially affect. 

Heat. Every function of the plant can only take place within 
certain limits of temperature : that is, between a certain minimum 
and a certain maximum degree. Between these limits there is for 
each function a degree of temperature, the optimum, at which that 
function is carried on with the greatest activity ; any fall of 
temperature from this optimum, or any rise above it, leads to a 
diminished activity of the function. These general laws have been 
arrived at by observation of such processes as movement, absorp- 
tion by the roots, assimilation, etc. 

v. S. B. XX 
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It may be stated K^^^i^ny that all the fnnctions of plants 
inhabiting temperate climates begin to be carried on at a tempera- 
tnre a few degrees above the freeziug- point ; as the temperature 
rises t« '2->°-3(f C. the activity of the fooctions is increased and 
the optimnm attained; with a further rise the activity of the 
functions is diminished, and at 45°-50° C. they commonly cease 
altogether. In the case of plants which naturally grow in warmer 
climates, the minimnm-temperatnre is somewhat higher than that 
stated above. Thus a pnmpkin-seed will not germinate at a 
temperature below 13° C. 

The power of withstanding the injurious effect of exposure to too 
high a temperature depends mainly upon the proportion of water 
which the plant, or any particular part of it, contains. Thas, dry 
peas can withstand exposure for an hour to any temperature up to 
70° C, whereas, when they have been soaked in water, exposure 
to a temperature oE 54' C. proves fatal. Most parts of plants are 
killed by prolonged exposure to a temperature, in air, of about 
30° C, and in water, of about 45° C 

Injary or death by exposure to cold, is only induced when the 
temperature falls — in some cases many degrees — below freezing- 
point. Some plants — just those, namely, such as Lichens, and 
some Fungi and Mosses, which can undergo desiccation without 
injury — are not killed by exposure 
to low temperature. Here, also, the 
liability to injury depends upon the 
amount of water contained in the 
tissue. Thus, dry seeds and the 
winter-buds of trees can readily 
withstand low temperatures ; bat 
when they contain a considerable 
quantity of water, as when the seeds 
are germinating or the buds unfold- 
ing, they are very susceptible to 
injury. When a part of a plant, 
which contains a lai^e proportion 
eectionB ot the vftJoolirbondleB (left ^f water, is exposed to a low tem- 
whiW); KK the incruilallon ot ice i- i ii_ . 

wnBistLnKordenBeij-croudea prisma peraturc, a portion of the water' 
{the cavitisB o( the raptured tisaae contained in the Cells escapes frotQ 
■rs left blaefcin the Bgnro). ,, , , j. ,, . 

them and becomes trozen on theit 
surface, the whole tissue at the same time contracting ; the ^vater 
does not freeze in the interior of the cells. The water which haa 
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thus escaped and frozen forms an incrustation (Fig. 467), con- 
sisting of a number of elongated ice-crystals arranged side by 
side. This ice is very pure, for the substances in solution in the 
cell-sap remain behind in a more concentrated form. 

It has been ascertained that this formation of ice is, in itself, 
not necessarily fatal in all cases. If the frozen part be slowly 
thawed, the cells may gradually reabsorb the water, and so return 
to their previous normal condition. If, however, the frozen part 
be rapidly thawed, the cells cannot absorb the water sufficiently 
rapidly ; it therefore either collects in the intercellular spaces, 
causing discolouration and decay, or it runs off and evaporates, so 
that the part dries up. In many cases, however, slow thawing 
does not ensure immunity; for instance, the leaves of the Pump- 
kin or the Dahlia : it appears that, in such cases, the escape of 
water from the cell, which takes place at the time of freezing, 
causes fatal disorganisation of the cells. Again, in the case of 
long-continued cold, the ice formed outside the cells may be 
gradually removed by evaporation, so that on thawing, the water 
necessary to restore the normal condition .of the cells is not forth- 
coming. 

The effect on the trunks of trees of exposure to cold is to cause 
radial splits, which close up again as the temperature rises, but 
which actually heal only in the cortex. The splitting is due to 
the unequal contraction of the wood, which is greater in the 
external more watery portion, than in the interior. 

Light. The influence of light may be considered under two 
heads : (I) the chemical effects, produced for the most part by the 
less refrangible rays of the spectrum ; (2) the mechanical effects, 
produced mainly by the highly refrangible rays. 

The most conspicuous chemical effects are manifested in plants 
which normally contain chlorophyll. They are : — 

a. The formation of chlorophyll : in Phanerogams the colouring- 
matter of the chloroplastids cannot acquire its green hue (except in 
the seedlings of Conifers and some other plants), but remains 
yellow (etiolin), unless exposed to light of not too great intensity. 
This effect is not confined to the rays of low refrangibility, but 
is produced (with equal intensity of light) also by those of high 
refrangibility. The formation of chlorophyll is also dependent on 
temperature, and will not take place if it be too low ; hence the 
shoots of plants developed in the early spring remain yellow if 
the weather is cold. 
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//. The assimilation of carbon dioxide by the chloroplastids will 
only take place in the presence of light of considerable intensity ; 
it is especially a function of the rays of low refrangibility, as will 
be subsequently explained. This is also true of the first steps in 
the assimilation of mineral nitrogenous food (nitrates). 

The most conspicuous mechanical effects, exhibited by plants of 
all kinds are : — 

a. The paratonic effect. All parts of plants grow more rapidly 
in feeble than in strong light, as is shown by the excessive length 
attained by the shoots of plants grown in the dark ; hence, light 
exercises a retarding influence on the rate of growth ; it likewise 
inhibits the spontaneous movements of motile leaves. 

h. The phototonic effect. Dorsi ventral leaves, when growing, 
generally cease to grow, and when motile, lose the power of move- 
ment, if long kept in darkness ; but they soon regain the power 
of movement on being again exposed to light; this condition of 
motility induced by light is known h.& phototontLS. 

c. The directive effect. The direction of the incident rays of 
light affects the position of growing and other motile members : 
these phenomena are designated by the general term heliotrojfnsm. 

The various influences of light are well illustrated by plants 
gi'own in darkness, or etiolated plants. For instance, an etiolated 
potato-shoot has a stem with excessively long internodes, a result 
of the absence of the paratonic effect of light ; very small leaves, 
in consequence of the absence of the phototonic effect ; no chloro- 
phyll, in consequence of the absence of the chemical action of 
light. Etiolation can, however, be induced, not only in plants 
which normally possess chlorophyll, but in others as well ; for 
instance. Fungi grown in darkness exhibit the characteristic 
excessive elongation. Again, plants grown in light of low re- 
frangibility (yellow or red) show the elongation characteristic of 
etiolation ; chlorophyll is formed, and the leaves are fairly well 
developed, but there is no heliotropic curvature : grown in light 
of high refrangibility (blue), the stem is stunted and the leaves 
very small, though chlorophyll is developed, and heliotropic 
curvature is well marked ; they soon die. 

§ 4. The Functions of the Tissues. In dealing with this 

subject, it is important to distinguish between the vital and the 
physical functions ; to distinguish, that is, the functions which 
depend upon the activity of the living protoplasm, from those 
which depend upon some chemical or mecha^lfal property of the 
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cell-sap, or of the cell-wall, of the constituent cells. The follow- 
ing remarks apply especially to the terrestrial higher plants. 

a. The Tegumentary Tissue (see pp. 132, 153), whether pri- 
mary (epidermis) or secondary (periderm), has as its primary 
function the mechanical protection of the underlying tissues : but 
it has the further functions of absorption and of preventing 
excessive transpiration. 

The absorptive function is confined to the primary tegumentary 
tissue : it is by means of this tissue that absorption is carried 
on by subterranean roots, either with or without root-hairs (see 
pp. 154, 159), as also by the general surface of submerged parts 
of aquatic plants (p. 157). 

The prevention of excessive transpiration is effected by the 
more or less w^ell-marked cuticularisation of the walls of the 
epidermal and peridermal cells of sub-aerial parts. Since these 
walls, though more or less pervious to gases, are almost or 
altogether impervious to watery vapour, the watery vapour 
evolved in the interior of the plant has to escape through special 
apertures, namely the stomata and the lenticels : and the tran- 
spiration is further regulated (see p. 156) by the opening and 
closing of the stomata. The importance of the tegumentary tissue 
in preventing desiccation is directly established by the fact that 
parts of plants deprived of their t^egumentary tissue quickly dry 
up : and indirectly, by the relation between the degree of develop- 
ment of this tissue and the conditions of life of the plant. Thus, 
this tissue is highly developed in plants which grow in dry 
situations, whereas in the submerged parts of aquatic plants it is 
imperfectly differentiated, and there are usually no stomata or 
lenticels : hence, the more the conditions of life tend to promote 
transpiration, the more highly-developed is the tegumentary tissue. 

The epidermis of sub-aerial parts also produces hairs of various 
kinds. The function of these is often secretory, indicating the 
importance of the epidermis as a glandular tissue (see p. 142). 
But, more commonly, they are purely protective, serving to 
diminish transpiration and radiation, and to screen the chloixjphyll 
from too intense light. A clothing of hairs is characteristic of 
xerophilous plants ; plants, that is, which habitually grow in dry 
soil and sunny situations. 

The primary tegumentary tissue is also of importance in con- 
nection with reproduction, as it sometimes gives rise to repro- 
ductive organs (e.g. sporangia of Leptosporangiate Filicinee). 
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h. The Fmenchymatoufi Tissue (see p. 131), consisting as it 
typically does of cells which contain living protoplasm, is the 
seat, not only of the metabolic processes, but also of the movements 
and irritability of plants. 

Different nutritive functions are discharged by various regions 
of this tissue. For instance, the parenchymatous tissue of snb- 
aoiial parts, lying near the surface and exposed to light, contains 
chlorophyll, and carries on the assimilation of carbon: this applies 
especially to the leaves. Again, the cells of this tissue are 
frequently glandular (see p. 137), containing or excreting various 
waste-products : or they serve as depositories of reserve plastic 
substances (e.g. starch, etc.), or as conducting-tissue for organic 
substances. 

It may also be pointed out that this tissue is connected with 
the reproductive processes in that the reproductive organs (^e.g. 
hypodermal archesporium of most plants) are developed from it 
in pait. 

1 urther, the cells of this tissue, having usually extensible 
walls, are capable of being turgid and of varying in bulk : hence 
tliey are the seat of the movements of those members, or parts of 
them, in which movement is a mechanical possibility ; and. when 
turgid, they give a considerable degree of rigidity to the member 
of which they form part. 

The intercellular spaces of this tissue, which are especially 
large in submerged parts of aquatic plants, are of great im- 
portance in connexion with transpiration and the disti-ibntion of 
gases in the plant : they communicate w*ith the exterior by means 
of the stomata and the lenticels. 

c. The Sclerench ymatcyus Tisstie (see p. 132), more especially the 
prose nchymatous or iibi'ous form of it, has the purely mechanical 
function of giving tirmness to the members in which it is present. 
Whilst it is true that a considerable degree of rigidity is afforded 
by turgid pai*enchymatous tissue, and that many members con- 
taining little or no selerenehymatous ti.^sce can grow erect {e.g. 
gi^nidiophort^s of moulds, and succulent stems of herbaceous 
annuals^ yet this souive of rigridity is precarious, as it is so largely 
dejHnident ujnni external conditions, and is therefore insufficient 
in the case of jvivnuial plants. In these plants rigid tissue 
(stortvm ; set* p, 133) is developeil, and it is distributed in the 
KhIy in just such a manner as most adequately meets the 
uuvhauioal requir^meuts iu each particular case (^p. 170). Stereom 
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is most perfectly developed in the stems of land-plants which 
grow erect and have to support the weight of many leaves and 
branches : whereas in water-plants the development of stereom 
is rudimentary, for their stems, being supported by the water, do 
not need to be highly rigid. 

When it is developed in the walls of fruits or in the seed- 
coats, the sclerenchymatous tissue serves to protect the seed from 
being eaten or digested by animals. 

d. The Tracheal Tissue of the Xylem (see p. 133). It is clear 
that when a plant-body is massive, partly subterranean and partly 
subaerial, there must be some means for readily distributing the 
water and other substances absorbed by the root. This dis- 
tribution may take place by diffusion from cell to cell ; and, as a 
matter of fact, this mode of distribution suffices in some plants in 
which the seat of absorption is not far from that of consumption 
(e.g, larger Fungi and Algse). But when these points are widely 
separated, special conducting- tissue, in the form of the tracheal 
tissue of the xylem, is differentiated. 

The function of this tracheal tissue is demonstrated by the 
following experiment. If a cut be made all round the stem of a 
dicotyledonous tree, to such a depth as to penetrate far into the 
xylem, the effect is that the leaves borne on the stem and its 
branches above the incision will soon droop and wither. This is 
due to loss of water, in consequence of which the cells of the 
leaves lose their turgidity, and the leaf-blades and petioles are no 
longer sufficiently rigid to maintain their position of expansion. 
The loss of water is the result of the continuance of transpiration 
in the absence of a supply of water to meet it. The incision 
which has destroyed the continuity of the wood has also cut off 
the supply of water from the root. The relation between the 
development of the xylem and the activity of transpiration is well 
illustrated by the comparison of the vascular bundles of a land- 
plant with those of an allied submerged aquatic species. The 
former transpires actively and has well-developed xylem : the 
latter does not transpire at all, and has quite rudimentary xylem. 

Conduction takes place in dicotyledonous tree-trunks only 
thi'ough so much of the peripheral portion of the wood as includes 
living parenchymatous cells. The thickness of this conducting 
region varies widely ; it is relatively small where the wood is 
sharply differentiated into alburnum and duramen (see p. 199), 
and in such trees (e.g. Oak) section of the alburnum is soon 
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followed by the withering of the leaves above the wound ; it is 
more considerable in trees like the Beech, in which the transition 
from alburnnm to duramen is gradual ; and it is most extensive in 
those, such as Birch and Maple, in which there is no differentiation 
of alburnum and duramen. The dead portion of the wood does 
not conduct, but at most only serves as a reservoir of water. 

The tracheal tissue of the xylem discharges a purely mechanical 
function in connexion with the conduction of water; it is in- 
capable of any vital action inasmuch as it contains no protoplasm. 

A fundamental anatomical fact connected with the conduction 
of liquids by the wood is that the functional tracheal tissue is 
destitute of intercellular spaces, and is, in fact, shut off from all 
communication with the external air. This occlusion is ensured, 
generally speaking, by the endodermis (p. 165); but in stems 
and roots which have grown in thickness, and in which the 
endodermis has been disorganised or thrown off, the compact 
bast-tissue replaces it functionally. 

The liquid conducted from the roots to the leaves by the 
tracheal tissue is not pure water, but holds in solution substances 
absorbed by the roots from the soil ; hence this tissue plays an 
important part in the disti'ibution of food-materials in the plant. 

e. The Sieve-Tissue (see p. 135). The function of the sieve- 
tubes or phloem- vessels is to convey proteids from the organs in 
which these substances are deposited or are being formed, to other 
parts in which they are either being consumed or deposited as 
reserve plastic material. This is demonsti'ated by the following 
experiment : — If a ring of tissue, extending inwards as far as the 
cambium, be removed from the trunk of a young dicotyledonous 
tree, the sieve-tubes will all be cut through, and their continuity 
interrupted. The effect of this upon the tree is that the portion 
of the trunk below the wound, and the roots, cease to grow and 
slowly die, whereas the trunk and branches above the wound 
remain healthy and continue to grow until the roots are no longer 
able to absorb water, etc., from the soil with sufficient activity. 
Inasmuch as the cortical tissue, through which the sugar travels, 
is necessarily also cut through, the . operation deprives the lower 
parts of the body of the whole of their supply of organic plastic 
material fi*om the leaves, but does not interfere with the conduc- 
tion of water from the roots to the leaves. 

The sieve-tubes differ from the vessels of the xylem in that 
they contain living protoplasm ; their function is therefore 
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probably not purely mechanical, but it is vital, though the 
relation of the protoplasm to the conduction of proteids in the 
sieve-tubes is not clear. 

The companion-cells, and in their absence the cells of the bast- 
parenchyma (p. 180), which abut on the sieve- tubes, apparently 
serve in the leaves as the means by which the nitrogenous 
products of anabolism are brought to the sieve-tubes, and in other 
parts as the means by which the proteids of the sieve-tubes are 
distributed to the adjacent tissues ; there is some evidence to 
show that these cells themselves actually carry on the formation 
of the proteids which form the characteristic contents of the sieve- 
tubes. 

In certain cases (e.g. Mimosa pudica) some of the parenchymatous cells of the 
bast are specially modified apparently for the conduction of stimuli. 

/. The Glandular Tissue. The essential function of the glandular 
tissue is to secrete, and the secreta are either plastic substances 
or waste- products. 

It may be stated generally that the excretion of plastic sub- 
stances on the surface of plants has special reference to their 
relation with insects. Thus, the excretion of sugar by floral 
nectaries is to attract insects to visit the flowers, and thus to 
ensure the advantages of cross-pollination at a certain, though 
relatively inconsiderable, cost. The excretion of sugar by extra- 
floral nectaries (p. 138) is an expense incurred by the plant with 
the object of attracting to it insects of a kind which will keep 
ofE noxious insects or other animals ; these organs are especially 
characteristic of myrmecophilous (ant-loving) plants, which by this 
means provide themselves with a police of ants to keep off either 
other injurious {e.g. leaf-cutting) species of ants, or insects of 
other kinds (e.g. boring bees, etc.), or even herbivorous mammals. 
Perhaps the most remarkable instances of this kind is the pro- 
duction of small, solid, cellular " food-bodies " on the tips of the 
leaf-pinnules of a myrmecophilous species of Acacia {A. sphcero- 
cephala). 

The secretion of waste-products has, as its immediate object, 
the removal of these substances from the sphere of metabolism ; 
but their deposit at or near the surface serves the purpose of 
protection in various ways. For instance, the secretion of wax on 
the sur-face is an obvious protection against wet. Similarly there 
can be little doubt that when the system of resin-ducts, in plants 
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as Monotropa and Xeottia). The root-hairs not onlr promote the 
absorption of water, ])ut also the absorption of ssAts from the soil, 
coming, as they do, into very intimate relation with the minute 
particles of the soil. They thns give the root a Brmer hold on the 
soil, and render it moi^e serviceable as an organ of attachment. 

R<K)ts are c«ipable of absorbing certain sabstances in the soil 
which ai-e insoluble in water, or even in water holding carbon 
dioxide in solation. This is due to the fact that the absorbent cells 
(including root-hairs) contain acid sap, which saturates the walls, 
and can thns act nj>on substances with which the cells may be in 
contact. 

The tegumentai'T tissue of aerial roots is specially modified in 
accordance with their external conditions. They have no root- 
haii*s (except when they come into contact with a moist surface), 
but they have a more or less well-developed velamen (see p. 155)> 
whirh serves as a means of absorbing water- vapour and gases from 
the air. Sometimes these root* contain chlorophyll, and act as 
assimilatory organs : this is also the case to a remarkable degree 
with the roots of the (aquatic^ Podostemace» (see p. 63). 

The primary internal structure of the root is remarkably con- 
stant through all the various groups of plants. It is always mono- 
stelic with the vascular bundles compacted into an axial cylinder 
(p, 171': between the axial cylinder and the epiblema is a con- 
siderable parenchymatous cortex, the cells of which take up from 
the absorbent cells the water and substances absorbed, and transfer 
them to the tracheal tissue of the bundles for conduction to the 
njiper parts of the plant. 

The growing-point is usually provided with a root-cap (pp. 61, 
l.*»4) to protect it as it makes its way through the soil. 

In many cases the root becomes adapted to serve as a depository 
of reserve plastic materials : such are the tuberous roots (p. 63) of 
various plants, in which secondary growth in thickness (see p. 105) 
proiinces a large amount of parenchymatous tissue, in the cells of 
which the plastic subst-ances (starch, etc.) are deposited. 

The physiological adapt^ition of the root is even more remark- 
able in its properties than in its stmcture, as is shown by its 
irritabilitv to the action of various stimuli. Thus the action of 
the force of gravity can^^es roots (at least primary roots) to grow 
t«iwards the centre of the cArth (positive geotropiim) : the action of 
light, as a rule, causes the growing root to curve away from the 
source of light {rtvijatire heliotropism) : a moist body causes the 
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root to curve towards it (positive hydrotropism) : contact with hard 
substances produces curvatures by which the direction of growth 
of the root is altered. 

These various kinds of irritability are of great importance in 
ensuring the due performance of its functions by the subterranean 
root. Positive geotropism causes it to penetrate into the soil, and 
this is also promoted by negative heliotropism : positive hydro- 
tropism causes it to grow towards the moister parts of the soil, 
and thus tends to ensure an adequate supply of water. Its sen- 
sitiveness to contact enables the root to get round obstacles which 
it may meet with in the soil. Similar phenomena of irritability 
are exhibited by aerial roots, but with various modifications in 
accordance with the widely different conditions. 

b. The Stem. The function of the stem is essentially this : to 
bear the foliage-leaves and the reproductive organs, and to bear 
them in such a way that they shall occupy the most favourable posi- 
tion for the performance of their respective functions. Further, it 
is the means of communication between the roots and the leaves. 
Occasionally it is specially modified to subserve other functions. 

It has been, already pointed out that the form of the stem varies 
widely in plants, and the most characteristic forms have been 
described (pp. 40, 44). The general physiological meaning of this 
variety of form is that different plants attain the most favourable 
position of their foliage-leaves and reproductive organs in differ- 
ent ways which depend upon the particular combination of ex- 
ternal conditions under which they severally have existed. 

The internal structure of the stem varies to some extent with 
its general habit, and mainly in the arrangement and relative 
degree of development of the sclerenchyma ; thus, the scleren- 
chyma is more largely developed in an erect than in a trailing 
perennial stem. 

The arrangement of the vascular tissue, however, depends 
essentially, at least in all those plants which have common 
bundles, upon the arrangement of the leaves. In stems having 
cauline bundles (p. 171) there is a more or less marked aggrega- 
tion of the bundles towards the centre, so as to lead to the 
formation of an axial vascular cylinder, as in roots; this is espe- 
cially marked in stems bearing small leaves, as in Lycopodium. 

There is one point in connexion with the relation of the vascu- 
lar tissue to the leaves which requires more special consideration. 
It has been pointed out (p. 191) that vascular tissue is formed 
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seoondarily in the stems (and roots) of most Dicotyledons and 
Gymnosperras, whereas it is not so formed in those of most Mono- 
cotyledons and Vascular Cryptogams. A consideration of the 
general habit of the plants in question at once affords a clue to 
this remarkable diversity. In the plants of the former groups, 
the stem, as a rule, branches considerably, and consequently there 
is every year an increase in the area of the leaf-surface of the 
plant ; whereas in the plants of the latter groups, the stem 
branches but little if at all, and the area of leaf-surface remains 
approximately constant in the adult plant. It is clear that, in 
the former case, the increase of leaf-surface necessitates an increase 
in the conducting vascular tissue, a demand which is met by the 
annual formation of an ever-widening ring of vascular tissue 
by the cambium. Hence, in a plant of this kind, the vascular 
bundles tn the leaves of any one year are continuous, in the stem, 
with the new vascular tissue formed in that year by the cambium. 

Stems may be specially modified both in external form and 
internal structure for the performance of special functions. Thus 
in leafless plants the stem or its branches may become phylloid ; 
that is, it may assume a flattened, leaf-like appearance (p. 44). 
The cortical ground-tissue of the stems of such plants resembles 
the mesophyll of foliage-leaves, not only in that the cells contain 
chlorophyll-corpuscles in abundance, but also in the more or less 
complete differentiation of a supei-ficial palisade-layer from a 
more deeply placed spongy tissue. The reduction of the foliage- 
leaves and the compensating development of the stem is a charac- 
teristic of many xerophilous plants: under these circumstances 
the stem generally becomes succulent (as in Cactaceae, p. 628, and 
some EuphorbiaceBB) owing to the development of a large amount 
of parenchymatous tissue. 

Again, stems may be specially modified to serve as depositories 
of reserve materials (e g, tubers of potato), or of water (e,g. stems 
of Cactacees), when they are much thickened by the development 
of a large quantity of parenchymatous ground- tissue, in the cells 
of which the water or the reserve-materials are deposited. Or 
they may be developed into thorns (p. 44) as a protection against 
being eaten. 

The special physiological properties of stems by which they 
assist in placing the foliage-leaves and reproductive organs in the 
most favourable position, are their various kinds of irritability to 
the action of external stimuli. 
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The physiological adaptation of stems is such that the move- 
ments which they perform in response to the action of external 
stimuli are always snch as shall place the foliage-leaves and the 
reproductive organs in the most favourable position. Some stems, 
for instance, grow away from the centre of the earth (negative 
geotropism) and towards the light (positive heliotropism) ; these 
stems consequently grow up into the air, and take up such a 
position with regard to the direction of the incident rays of light 
that the leaves may be adequately exposed to them. Others, 
again, grow horizontally under the influence of gravity (diageo- 
tropism) and of light (diaheliotropism) , and in this way spread 
out their leaves to the sun's rays. 

In some cases stems which tend to grow erect into the air are 
unable to do so in consequence of being insufficiently rigid to 
maintain their own weight, and that of their leaves, etc. Such 
stems are enabled to obtain the necessary support by becoming 
attached to foreign bodies, such as other plants, rocks, etc. This 
attachment is sometimes purely accidental, as in the case of the 
hook-climbers, such as the Bramble, where the stem is covered with 
prickles which become fixed as the swaying shoot is blown about 
by the wind. But in other cases the attachment is the result of 
the mode of growth of the stem or its branches, in virtue of which 
they twine round any suitable foreign body with which they may 
come in contact. In some cases the stem and its branches are 

« 

sensitive to contact, e.g. Dodder ; in others, this sensitiveness is 
restricted to certain specially modified branches, termed tendrils 
(see p. 43, e.g. Vitis, Passiflora), and it is possessed by them in a 
very high degree. 

c. The Leaf. In the discussion of the morphology of the leaf it 
was pointed out that the forms of leaves ai'e yery various; so 
much so that it was necessary to classify them into a number of 
categories. Each of these will now be briefly considered with ^ 
regard to its functions. 

(1). Foliage-leaoes. It may be stated generally with reference 
to land-plants, that the two great functions subserved by the leaf 
are, first, the construction of organic substance from the raw 
materials of the food; and second, the exhalation of watery vapour, 
or transpiration. 

The internal structure of the leaf is in direct relation to these 
two functions (see p. 162). The particular significance of the 
form and arrangement of the cells of the mesophyll is made clear 
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by the following considerations. The palisade-lajers occur 
always, beneath the epidermis, at those surfaces which are directly 
exposed to the sun's rays. Further, if a plant which, when grown 
exposed to sunlight, has well-marked palisade- layers in its leaves, 
be grown in the shade, it will be found that the palisade-layers 
are imperfectly differentiated, even if they can be detected at all. 
The development of the palisade-layers is clearly a peculiarity of 
leaves which are exposed to sunlight. One explanation is this, 
that bright light not only promotes the assimilatory function, but 
also promotes the oxidation and decomposition of the chlorophyll. 
The palisade- tissue affords a means of protection from the latter 
effect. When a leaf-surface is exposed to diffuse daylight, the 
position of the chlorophyll-corpuscles in the palisade-cells is such 
as to expose them as fully as possible to the light ; they are dis- 
posed on the surface- walls, both upper and lower, of the palisade- 
cells (epistrophe). When, however, diffuse daylight is replaced 

by direct sunlight, the 
position of the corpuscles 
is changed (see Fig. 469) 
so that their margin, and 
not their surface, is pre- 
sented to the sun's rays ; 
they are removed to the 
lateral walls and towards 
the inner end of the cell 
(apostrophe). It is clear 
that the elongated form 
of the cells facilitates 
this withdrawal of the 
corpuscles from too in- 
tense light, to light of a 
degree of intensity which 
promotes the assimilatory function to the utmost extent compatible 
with a due economy of the chlorophyll. 

The spongy portion of the mesophyll is the tissue especially 
adapted to the tratispiratory function. By means of the large 
intercellular spaces which form a system of channels throughout 
this tissue communicating with the external air by means of the 
stomata, a very large cell-surface, from which transpiration can 
readily take place, is brought into direct relation with the external 
air. Transpiration takes place from the cells of the spongy 
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Fig. 469.— (After Stahl). Sections of the phylloid 
stem of Lemna trisulca, illustrating epistrophe and 
apostrophe of the chloroplastids : A position in dif- 
ftiso daylight (epistrophe); B position in intense 
sunlight (apostrophe). 
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mesophyll into the intercellular spaces, and the watery vapour 
then escapes from the leaf by the stomata. 

A brief consideration of the peculiarities of the leaves of aquatic plants will 
farther establish these points. The characteristic feature of submerged leaves 
is that they are very much divided, and consequently present a relatively 
large surface by which they can absorb carbon dioxide and oxygen, as well as 
salts, from the water. The mesophyll of these leaves is not differentiated 
into palisade-tissue or spongy tissue ; for, in the first place, the light to which 
these leaves are exposed is not intense, and, in the second, they do not tran- 
spire. A peculiar feature of these leaves is that the chlorophyll-corpuscles 
are contained principally in the epidermal cells. Floating leaves, on the other 
hand, usually have broad oval or rounded laminae, a form which is evidently 
favourable to the retention of their position on the surface of the water. The 
epidermis of the upper surface is well-developed and possesses stomata ; whereas 
the walls of the epidermal cells of the lower surface are thin and uncuti- 
cularised, so that they can absorb water and substances in solution, and there 
are no stomata. The mesophyll is differentiated into palisade and spongy 
tissue. The palisade-layers are arranged in the characteristic fashion towards 
the upper surface of the leaf ; and commonly there lies between the superior 
epidermis and the palisade-tissue, a layer of aqueous tissue which serves to 
protect the chlorophyll of the latter from exposure to too intense light. 
Towards the lower surface, the mesophyll is channelled by lirge intercellular 
spaces, the use of which is to facilitate the aeration of the plant. 

The foregoing consideration of the anatomy of these three types 
of foliage-leaves leads to the conclusion that the spongy tissue 
of the mesophyll is that in which both the assimilatory and the 
transpiratory processes can be most satisfactorily carried on ; that, 
in fact, the amount of spongy mesophyll in a leaf may be taken as 
an indication of the degree of its physiological activity. Clearly 
the close arrangement of the cells in the palisade-tissue is not so 
favourable for the absorption of carbon dioxide or for the exha- 
lation of watery vapour, as is the loose arrangement of the cells in 
the spongy tissue. The palisade-tissue is transpiratory and assi- 
milatory tissue so adapted for action in intense light, that trans- 
piration is diminished, and protection is afforded not only to the 
chlorophyll in its own cells, but also to that in the cells of the 
tissue which it covers. 

In many xerophilous plants, more or less of the mesophyll 
may be destitute of chlorophyll, the cells containing much 
watery sap (see p. 164), so that the leaf serves as a reservoir of 
water. 

Leaves are adapted not only structurally, but also by their 
irritabilities, to the performances of their functions. They are 
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Hcnsitivc to tlic dii«ctivc uction of light and of gravity and, in 
tlio cmfito of their growth thej take up a definite position 
tcrnieil, on aceoont of the predominating inflnence of light in 
lietcrniiiiing it, the JUed liijht-position. The response of the dor- 
wivcnti-al leaf to the directive action of gravity, is generally one 
of Jinyeotropkm, that is it places its blade horizontal, with the 
ventral surface uppermost; and similarly, its response to light is 
to expose the upper SDi'face of its blade at right angles to the 
dii-ei'tion of the incident rays (diakeliotropigm). The response of 
the isobilateral and of the radial leaf to the action of gravity is one 




of negative geotropism, so that they grow erect ; and to light, one 
of positive heliotropism, as they tend to direct their apices towards 
the source of light. 

Changes in the externa! conditions act as stimuli, which, in many 
cases, induce a movement of the foliage. leaves involving change 
of position : most f req uently these movements are performed 
by growing leaves, but also sometimes by adult leaves with a 
permanent motile mechanism. They have been observed in the 
gi-owing leaves (and cotyledons) of many plants (e.g. Cheno- 
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podium, Impatiens, Polygonum, Linum, etc.), and in the adult 
leaves of many OxalidacesB and Legnminosie. The common 
feature of these movements is that they sen 
BQrface pi'esented to the sky by the leaf. 
known as "sleep-movements," or nyctitropic 
they are nsually associated with the alterr 
With a falling temperature and a diminishing intensity of light 
the leaves aaanme the "night-position," presenting a diminished snr- 
face, generally only the edge, to the zenith, the leaflets of compound 
leaves at the same time approaching each other, with the result that 
they are protected from injury by cold in consequence of e 
radiation of heat : with a rising temperature and an ini 
intensity of light, the leaves assume the " day-position," presentin 
their upper surfaces to the 
zenith. Bnt the day-posi- 
tion is frequently liable to 
modification, with a view to 
the reduction of transpira- 
tion and to the protection of 
the chlorophyll from the ac- 
tion of too intense light, by 
movements which diminish 
the leaf-area exposed to the 
dii-ect rays of the sun; — 
and so, in some cases, the __ 

edge, and not the op per 

enrface, is presented to the sun : these movements are designated 
"dinmal sleep'' or parakeliotTopism. 

Some foliage-leaves, but only -such as have a special motile 
mechanism, respond by movement to the stimulas of a touch. This 
is the case in the "sensitive plants," such as Mmosa jjudica and 
other species, Biophytum. (0.calU) se-^sitivum, JUachyaomene iiidlca, 
Neptunia oleracea : the leaflets of the pinnate leaves of these 
plants close together when touched, or when the plant is shaken, 
and they are thus protected to some extent from injury by hail, 
rain, or even wind. Other instances of movement in response 
to touch are afforded by the " carnivoi-oua " genera, Uionsoa and 
Aldrovanda, in which, when an insect alights on the upper surface 
of the expanded leaf and touches the sensitive hairs, the two 
lateral halves of the blade suddenly close together, like a hinge, 
with the midrib as the axis. 
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(2). Gataphyllary or Scaly Leaves (p. 58) serve to protect, 
growing-points and yoang leaves of buds, and in this they are 
assisted by the secreting-bairs (colleters, p. 144) which they 
frequently bear : they sometimes serve as depositories of reserve 
plastic materials (e.g. scales of Onion-bulb). 

(3). Floral Leaves. 

a. Hypsophyllary Leaves. The leaves included under this 
head are the bracts (and bracteoles) and the perianth- leaves 
(p. 59). 

When green, the bracts perform the ordinary functions of 
foliage-leaves : but when they are collected around a flower 
(epicalyx) or an inflorescence {e.g. involucre of Compositee, 
Euphorbia, etc.) they serve to protect the floral organs during 
their development. When highly-coloured {e.g. in Araceae, 
Euphorbiacese, Nyctaginaceee), they serve to attract insects to 
visit the otherwise inconspicuous flowers. 

The sepals^ like the bracts, are commonly green, and then they 
perform the ordinary functions of foliage-leaves, and also serve 
to protect the other floral organs : when petaloid {e.g. many 
Ranunculaceee and Liliales), they attract insects for the purpose of 
cross-pollination. 

The petals are brightly- coloured in most flowers, and it is their 
special function to attract insects. Not uncommonly they are 
specially modified as nectaries {e.g. Helleborus) , and thus further 
contribute to ensure the visits of insects. 

The perianth-leaves (and sometimes also the bracts), are often 
capable of performing movements leading to the opening and 
closing of the flower or inflorescence : thus the flowers of the 
Crocus, Tulip, and Poppy, and the inflorescence of the Daisy, open 
under the influence of rising temperature and increasing intensity 
of light, closing under the contrary conditions: the closing is a 
protection of the essential floral organs against cold and wet ; it 
is essentially similar to the nycti tropic movements of foliage- 
leaves (see p. 689). 

h. Sporophyllary Leaves. As already stated (p. 77) the sporo- 
phylls are the essential organs of the flower, when they are 
aggregated on a special shoot, and have, in any case, the function 
of asexually producing the spores. They are more or less generally 
modified in form and structure in connexion with this function ; 
and in the many different forms of flowers these leaves present 
remarkable special adaptations which mainly refer to the process 
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of pollination (see p. 452), to the distribution of the seed, etc. 
It is impossible to enter upon a further consideration of the 
biology of the flower, but the phenomena of movement presented 
by the essential floral organs deserve special mention. 

A remarkable case of spontaneous movement is that of the 
gynostemium of Stylidium (Candollea) adnatum, the object of 
which is the scattering of the pollen, and it accordingly begins 
when the anthers are about to dehisce : the gynostemium bends 
over till it touches a gland on the anterior petal, and to this it 
adheres until it straightens and frees itself from the sticky gland 
with a jerk which scatters the pollen ; the movement is then 
repeated. 

Induced movements are more common. Thus the two lobes of 
the stigma (e.gr. Mimulus, Bignonia, Martynia), close together on 
being touched : the movement doubtless ensures the adhesion of 
the pollen brought by an insect. The stamens are irritable in 
many plants. For instance, in Berberis, when an insect touches 
the irritable base of one of the nearly horizontal stamens, the 
stamen rises up on its point of attachment as on a hinge, and 
strikes the insect with the anther, thus dusting it with pollen. 
Again, the syngenesious stamens of Centaurea (p. 664) shorten 
on stimulation by touch : the flower is protandrous ; consequently, 
as the filaments contract, the pollen shed by the coherent anthers 
is pushed out of the open end of the anther-tube by the style 
within, and is removed by the insect. 



CHAPTER II. 
SPECLA.L PHYSIOLOGY OF THE NUTRITIVE FUNCTIONS. 

§ 6. Absorption. The food of plants is absorbed, generally 
speaking, either from the soil or from the air. 

Plants which do not possess chlorophyll (e.g. Fungi) usually 
obtain the whole of their food from the soil ; whereas plants which 
do possess chlorophyll absorb from the air one of the most im- 
portant constituents of their food, namely carbon dioxide. 

In exceptional cases it is obtained from other sources ; for 
instance, parasitic plants absorb their food from the hosts upon 
which they live, and the *' insectivorous " plants absorb a portion, 
at least, of their food, from the insects which are caught by their 
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specially adapted leaves. Submerged aquatic plants absorb their 
food entirely or mainly from the water in which they live. 

As already mentioned (p. 668), the food of plants is always 
absorbed in the fluid form ; either as a liquid or as a gas. The 
liquid food, consisting of a watery solution of various substances, 
is absorbed from the soil most commonly by the roots, or, in the 
absence of i-oots, by other members (shoots, leaves) which have 
become specially adapted for the performance of this function ; 
the gaseous food (CO2) is absorbed from the air by the green 
parts (shoot) of plants, and, in the more highly differentiated 
forms, more especially by the leaves. 

Absorption of Liquids. When an organ which is adapted for the 
absorption of liquids is performing its function, two processes are 
in operation, namely, the absorption of the water, and the absorp- 
tion of the substances which the water holds in solution : it is 
important to clearly distinguish between these two processes, for 
though they are necessarily carried on simultaneously, yet the 
water and the dissolved substances are not absorbed in any con- 
stant proportion. The two processes, in fact, depend upon some- 
what different conditions. The cells of the absorbent organ take 
up the water in consequence of the presence in solution in the 
cell-sap of osmotically active substances, such as organic acids and 
acid salts, which attract water into the cells. The substances 
in solution in the water are absorbed in virtue, first, of their 
diffusibility, that is their power of passing through membranes, 
and secondly, of the fact that the cell-sap in the interior of the 
absorbing cells contains less of the substances in question than 
does the water outside. Hence any indiffusible substance which 
may be dissolved in the water will not be absorbed by the cells, 
neither will any substance of which there is already an equivalent 
quantity in solution in the sap of the cells, although the absorp- 
tion of water may be actively taking place. These facts find 
their general expression in the following statement which is 
known as the Law of Absorption: for the watery solution of any 
substance capable of being absorbed, there is a certain degree of 
concentration at which the proportion of the amount of the sub- 
stance absorbed to that of the water absorbed is the same as that 
of the solution; if the solution be more concentrated, the pro- 
portion of water absorbed will be greater, and that of the sub- 
stance less ; if the solution be more dilute, the proportion of the 
substance absorbed will be greater, and that of the water less. 
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AVhen, as is usually the case, the liquid with which the absorbent 
cells come into relation, is a solution of a number of different sub- 
stances, these difPei'^nt substances are not all absorbed in the same 
pioportion. Supposing the absorbing organ to be equally poor in 
all these substances. Then, in the first instance, the substances 
would be absorbed in proportion to their diffusibilitj, the most 
diffusible being absorbed the most rapidly. Subsequently, how- 
ever, the Illative amount of substances absorbed would be de- 
termined by the extent to which, after absorption, they severally 
were chemically altered in the metabolism of the plant. For when 
a substance is chemically altered in the plant, it ceases to exist, 
as such, in the sap of the cells ; hence, when a substance is 
constantly being decomposed in the plant, it can be also con- 
tantly absorbed. When, on the other hand, an absorbed sub- 
stance does not undergo chemical change in the plant, it ac- 
cumulates in the sap of the cells, and consequently the absorp- 
tion of it from without eventually ceases. 

This point can be determined with regard, at least, to the 
mineral substances which a plant absorbs, by an analysis of the 
ash which is left behind on incinerating the plant, that is, on 
burning away the combustible organic matter. The ash will be 
found to include all the minei^al elements present in the soil or 
water from which absorption is taking place, in so far as those 
elements are present in the form of compounds which are soluble 
and diffusible. The general constitution of the ash depends upon 
the chemical nature of the soil, and upon the physical pi'operties 
of the substances which comprise it, as is proved by the fact that 
tlie constitution of the ash of any given plant varies with the soil 
in which it grows. But the illative proportion of the various 
chemical elements in the ash depends upon the capacity of the 
plant to chemically alter the various compounds which it absorbs, 
as is proved by the fact that the constitution of the ash varies 
widely in plants of different kinds grown in the same soil ; it is 
the expression of the specific metabolic properties of the plant, or, 
in other words, of the specific ahsorhent capacity of the plant. And 
not only has each plant a specific absorbent capacity, but this 
varies at different periods in its development, in harmony with 
tlie variation which takes place in its metabolic processes. 

A good illustration of the different ppecifio absorbent capacities of plants is 
afforded by a comparison of the amount of silica in the ash of different plants. 
Thus, an analysis of meadow-hay and of pea-straw, grown under the same 
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conditions, showed that the former contained 27 per cent, of silica, and the 
latter scarcely 7 per cent. This is due to the fact that the Grasses deposit 
considerable quantities of silica in their cell-walls, whereas Peas are unable to 
do this to anything like the same extent. 

It not infrequently happens that chemical elements are found to 
be present in the ash, which are known to be present in the 
soil in the form of compounds which are insoluble in water. 
These compounds are brought into solution by various means. 
For instance, the soil usually contains carbon dioxide, which is 
evolved from the decomposing animal or vegetable matter which 
is commonly present, and from the absorbent organs themselves ; 
and it is well known that various substances, such as calcium car- 
bonate and certain silicates, which are insoluble in pure water, 
are soluble in water charged with carbon dioxide. Again, the sap 
which fills the vacuoles and saturates the walls of root-hairs, has 
an acid reaction, due to the presence of organic acid, and this acid 
sap will dissolve many substances which are insoluble in pure 
water. The solvent effect of this acid sap is well demonstrated by 
means of the familiar experiment with a slab of marble. If a 
highly-polished slab of marble be fixed in the bottom of a flower- 
pot, and a plant be grown in the soil above it, the roots will come 
into contact with the slab and will apply themselves to its surface. 
On subsequently examining the slab of marble, it will be found to 
have become corroded where the roots had been in contact with 
it. The corrosion is due to the solution, by the acid sap of the 
roots, of particles of the marble. 

The activity of the absorption of water is dependent upon the 
temperature. For example, the absorption of water by roots be- 
gins at a minimum temperature ; it increases in activity as the 
temperature rises to optimum ; any further rise of temperature is 
attended by a diminished activity of absorption. 

Absorption of Gases. The absorption of gases depends, like the 
absorption of water and substances in solution, upon diffusion. 
Supposing an absorbent cell, the sap of which holds, to begin with, 
no gases in solution, to be brought into relation with a mixture of 
gases, these gases will be dissolved at the surface in proportion to 
their solubility and to the amount of each gas present in the mix- 
ture, that is, the amount absorbed of each gas depends, in the first 
instance, upon its solubility and its partial pressure. The relative 
amount of each gas absorbed over a period of time will further 
depend upon the extent to which it undergoes chemical alteration 
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after absorption. For instance, plants absorb from the air 
nitrogen, oxygen, and carbon dioxide under certain circamstances. 
On account of the greater proportion of nitrogen in the air, this 
gas will be, in the first instance, absorbed to a larger extent than 
either of the others. But inasmuch as the nitrogen does not enter 
into the metabolic processes of the plant, whereas oxygen and, 
under certain circumstances, carbon dioxide, do so, the nitrogen 
simply accumulates in the cell-sap, and the absorption of it will 
soon cease, whereas the absorption of the oxygen and of the carbon 
dioxide will continue. 

Land- plants absorb gases, in the manner described above, at all 
points of their surface ; by their shoots from the air, by their roots 
from the gaseous mixture in the interstices of the soil ; the stomata 
of the sub-aerial parts are of great importance in connexion with 
this process. Submerged water-plants absorb, in solution, the 
gases dissolved in the water. 

The absorbed gases remain in solution in the cell-sap, so that 
living cells do not contain babbles of gases. Moreover, gases 
travel in the plant mainly by diffusion from cell to cell, though 
their distribution may also be effected by means of the intercellular 
spaces. 

The particular gas which may be regarded as a food-material is 
carbon dioxide. Although the amount of this gas to be found in 
the air, or in solution in water, at any given moment, is usually 
small, yet inasmuch as the supply is maintained, enough of it can 
be obtained for the needs of the plant. The conditions of its 
absorption are the following : First, it is only absorbed by those 
cells which contain chlorophyll ; Secondly, it is only absorbed by 
these cells when exposed to light of a certain intensity, the most 
active rays being those of low refrangibility. 

§ 7. Transpiration. Every part of a plant which is exposed 
to the air, except such as are covered by a thick layer of cork, is 
continually exhaling watery vapour. This may be demonstrated 
by placing a leafy branch under a bell-glass, when it will shortly 
be observed that the internal surface becomes covered with drops 
of water, the watery vapour exhaled by the branch having con- 
densed upon the cold glass. Again, the drooping of cut flowers 
or herbaceous branches is due to the loss of water by ti^anspira- 
tion. 

It must be clearly understood that transpiration is not simply 
evaporation. If it were so, then clearly equal amounts of water 
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would be evaporated in a given time by equal areas of water- 
surface, and of living plant-surface. But this is not the case. 
All observations show that the amount of water transpired from a 
given area of living plant-surface in a given time, is only a small 
fraction of that evaporated in the same time from an equal surface 
of water. On the other hand, the evaporation from dead plant- 
surface is as active, or even more so, than from a free surface of 
water. Transpiration, whilst ultimately depending upon the 
purely physical process of evaporation, is essentially evaporation 
modified by the living substance, protoplasm, from and through 
which it takes place, and is therefore a vital function. 

The activity of transpiration is intimately connected with the 
external conditions. It is dependent upon the hygrometric state 
of the atmosphere, upon the temperature of the air, and especially 
upon exposure to light. Naturally, the di'ier the atmosphere the 
more active the transpiration; and, similarly, a rise of tempei^ature 
promotes transpiration. The effect of exposure to light is very 
striking. On removing a plant from darkness to even feeble 
light, its transpiration is markedly increased ; but when it is re- 
moved into bright punlight it is increased severalfold. This effect 
of light is especially marked in the case of plants, or parts of 
plants, which contain chlorophyll. It is clear that light so acts 
upon the protoplasm of the transpiring tissue as to facilitate the 
evaporation of the water contained in the cells. 

The activity of the transpiration from the surface of a plant 
is inversely proportional to the development of the tegumentary 
tissue. Thus, transpiration is rapid in the case of stems and 
leaves in which cuticularisation or suberisation of the superficial 
cell-walls has taken place to but a small extent or not at all, 
whereas the transpiration of organs which, like the trunks of 
-many trees, are covered externally by layers of cork, or which, 
like the stems and leaves of succulent plants, such as Cacti, Aloes, 
Crassulaceee, etc., have a thick cuticle, is comparatively slight. 

However, inasmuch as most aerial leaves and stems have a 
more or less well-developed and cuticularised tegumentary tissue, 
the transpiration from the external surface is insignificant. In 
such cases the transpiration takes place mainly through the thin 
uncuticularised walls of the cells of the ground-tissue into the 
intercellular spaces, and the watery vapour escapes from the 
intercellular spaces into the external air by means of the stomata 
) and the lenticels. The stomata, especially, are organs for the 
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regulation of transpiration. As already mentioned (p. 156), the 
stoinata open and close, their opening and closing being dependent 
upon variations in the turgidity of the gnard-eells. When the 
guard-cells are highly turgid, they curve so as to separate from 
each other in the middle line, thus opening the stoma ; vtrhen they 
are flaccid, their free surfaces are brought into contact, and the 
stoma is closed. It was held for a long time that the opening and 
closing of the stomata depended mainly on whether or not the plant 
was exposed to light; that the stomata opened in bright light 
and closed in darkness; and that the more active transpiration 
in light than in darkness was attributable to the condition of the 
stomata. But it is now known that the opening or closing of the 
stomata is not thus directly dependent on light, but is a function 
of transpiration as affected by the hygrometric condition of the 
air, and by the supply of water in the plant : so that when the 
transpiration is normal, as determined by a certain relation exist- 
ing between the hygrometric condition of the air and the supply 
of water to the transpiring leaf, the stomata are open ; but when 
transpii^ation becomes excessive, by the air becoming drier, or bj 
a diminution in the supply of water to the leaf, the stomata close, 
even before any trace of flagging is shown by the leaf. Thas the 
stomata act as regulatoi-s of transpiration, and their opening or 
closing depends partly on external and partly on internal condi- 
tions. 

The water lost by transpiration is supplied to the transpiring 
organs from the roots. If the loss by transpiration is compensated 
by the absorbent activity of the roots, the transpiring organs 
remain fresh and turgid. But if, as is frequently the case on a 
hot summer day, the loss of water by transpii^ation is greater than 
the supply from the roots, the transpiring organs, more especially 
the leaves, become flaccid and droop, and they are only restored 
to the turgid condition in the evening when the temperature of 
the air falls and the intensity of the light diminishes; in a word, 
when the external conditions become such as to lead to a diminu- 
tion of the transpiration. 

There is, however, besides the flaccidity of the herbaceous 
members of the plant, another means of observing the effect of 
transpiration upon the amount of water contained in the tissues. 
If the stem, or a branch, of an actively transpiring plant be cut 
through under mercury or some other liquid, it will be observed 
that the liquid will at once make its way for a considerable 
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distance into the woody tissue of the cut stem or branch. This is 
due to the fact that, in consequence of the withdrawal of water 
from them, the gases in the vessels are at a lower pressure than 
that of the atmosphere. This is termed the negative pressure in 
the vascular tissue. 

These various points can be readily observed in low-growing 
plants, such as the cabbage. On a hot summer day the leaves 
become flaccid, and the existence of a negative pressure in the 
vessels of the stem can be ascertained. In the evening, when the 
activity of transpiration is diminished, but active absorption of 
water from the warm soil by the roots continues, the leaves 
become turgid, and water gradually accumulates in the vascular 
tissue. During the night this accumulation of water in the 
vascular tissue goes on until it becomes quite full, so that there 
comes to be not only no negative pressure, but a positive 
pressure. This positive pressure, were there no means of re- 
lieving it, might become injurious to the tissues ; but it is re- 
lieved by the filtering of drops out of the closed terminations of 
the vascular bundles in the leaves, these drops making their way 
to the surface through openings over the ends of the bundles, 
which are either the ordinary stomata, or the specially-modified 
water-stomata. A row of such drops on the margin of the leaves 
may be observed in many plants in the early morning. It 
appears, then, thai during the day the loss of water by transpira- 
tion is greater than the supply by absorption, whereas during the 
night the contrary is the case. 

With regard to the physiological significance of transpiration, 
it is important in that it causes a rapid current of liquid, the 
transpiration- cuirenty to flow through the plant from the roots to 
the transpiring organs, more especially the leaves. This ensures 
the distribution, not only of the absorbed water, but also of the 
substances absorbed in solution from the soil. It will be noticed 
that the conditions which promote transpiration, namely, light 
and warmth, are just those which are most favourable to the per- 
formance of their anabolic processes by the organs which contain 
chlorophyll. Thus, when the leaves are actively producing organic 
substance, they are actively transpiring, and they are therefore 
constantly receiving supplies of the substances absorbed from the 
soil, substances some at least of which are essential to the 
chemical processes in operation. Transpiration has, then, an 
important bearing upon nutrition. There seems to be, in fact, an 
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, Optimum activity of transpiration, that is to say, a certain activity 
of transpiration which promotes to the utmost the fomiation. of 
orpranic substance ; so that if the average activity of transpiration 
falls sliort of, or exceeds, this optimum, the nutrition of the plant 
sutTers, us shown by a diminished formation of organic snbstance. 

§ X. Distribution of Water and other Substances. It is 

clear that, when the plant-body is so far differentiated that only 
certain i)arts of it are in a position to absorb water and snbstances 
in solution from without, there must be a distribution of the ab- 
sorbed substances fi'om the absorbent surfaces to the other parts. 
Further, when the plant-body is differentiated into parts which do, 
and othei*s which do not, contain chlorophyll, there mnst be a 
distribution of the produced organic substance from the former to 
the lattt'r. 

\i\ j)lants of relatively low organisation, the distribution takes 
jdace entirely by diffusion; by simple diffusion when the plant is 
ji (•(Piiocyte ; by diffusion through the cell-walls, that is by osmosis, 
when the plant is multicellular: and even in the highest plants 
diffusion plays an important ])ai't. 

With regard, first, to the distribution of water and sabstances 
absorbed in solution from without, in the more hig-hly organised 
plants. In these plants, as already stated, the conducting" tissue is 
th(^ wood or xyleni of the vascular bundles, extending from the 
roots, the absorbent organs, to the leaves, the transpiring organs. 

With regard to the mechanism by which the water absorbed by 
the roots is (conveyed to the leaves, it must, in the first place, be 
clearly understood that, as already mentioned (p. 678), the xylem 
does not communicate directly with the atmosphere, but is a com- 
pletely closed tissue-system. The mode in which water and sub- 
stances in solution are introduced into this closed tissue-system in 
the root is as follows : — The root-hairs absorb water from the 
soil ; the absorbed water passes by osmosis from the root-hairs 
into the adjacent cortical parenchymatous cells of the root ; these 
cells become highly turgid, and when a certain degree of 
turgidity is attained, the water escapes by filti-ation under 
pressure from the innermost parenchymatous cells into the xylem- 
vessels upon which they abut. The water is thus forced into the 
xylem under considerable pressure, which is termed the root- 
pressure. In the leaves, water is withdrawn from the xylem bv 
the adjacent cells which absorb it osmotically, and from these vel 
turn by those which are actually transpiring. 
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The Root-Pressure. The existence of the root-pressure can be 
easilj ascertained. It is manifested spontaneously by that exuda- 
tion of drops on the margin of the leaves of low-growing plants 
during the night, to which allusion has already been made (p. 699). 
An artificial manifestation of it is induced in stems which are cut 
across at a time when, owing to active absorption and feeble 
transpiration, the plants are rich in water ; drops exude from the 
xyl em- vessels at the cut surface of that part of a stem which is 
still in connexion with the i*oot. A familiar case of this is the 
"bleeding" of certain shrubs and trees when pruned in the 
spring. It is possible, in this way, to estimate both the activity 
and the force of the root-pressure. By collecting the water which 
exudes from the cut surface of the stem, the amount of water 
absorbed by the root in a given time is deterniined ; and by 
attaching a mercurial manometer to the cut surface of the stem 
the force of the root-pressure can be measured. For instance, 
3,025 cubic millimetres of liquid were collected from a Stinging 
Nettle in 99 hours ; and the root-pressure required a column of 
mercury 354 millimetres in height to counterbalance it : in other 
words, the root-pressure of the Nettle was nearly half an 
atmosphere, and was capable of supporting a column of water 
about 15 feet high. 

The essential point in the mechanism of the root-pressure is 
the forcing of liquid by filtration under pressure from the paren- 
chymatous cells into the xylem. The process is probably to 
be explained somewhat in this way. When a. certain degree of 
turgidity is attained in the parenchymatous cells abutting on the 
xylem, their motile protoplasm undergoes a molecular change, in 
consequence of which it becomes permeable and ceases to offer 
resistance to the escape of the cell-sap ; consequently, under the 
elastic contraction of the distended cell- walls, a portion of the cell- 
sap is forced out of the cell. This molecular change in the state of 
aggregation of the protoplasm of the parenchymatous cells probably 
takes place at more or less regular intervals, so that there is a 
sort of rhythmic pumping of liquid into the xylem of the root. 
From this point of view, the root-pressure of a plant is simply the 
expression of the force of the elastic contraction of the cell-walls 
of the parenchymatous cells abutting on the xylem-bundles in the 
root. 

With regard to the external conditions which affect the root- 
pressure, the most important is the temperature of the soil; a 
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riHi» of ttMiiptM'atiirc up to the optimam increases the root-presanre, 
luit iinv further rise causes it to diminish, and if the soil be 
heat 0(1 so as to kill the 1*00 ts, the root-pi*essnre altogether dis- 
appears. In any case the force of the root-pressure is not 
uniform, but varies; and the more considei-able variations occur 
in Hxich a way as to constitute a well-marked daily period. The 
i»xai»t ]uM*ioilicity depends partly on the age of the plant, and 
p:irtly on tlie conditions under which it has been living: it 
mav bt» ironerallv described as follows: — The force of the root- 
]Mv^suiv is loast diirinir the early morning hours ; it then gradually 
inorcasos. ivarhintr its maximum early in the afternoon, and then 
it dimiiiiNhos ilurinir the evening and night until the minimum 
is attaincvl oarly tlu' foUowinsT morning. Thus there is a period 
of alvut twt'lvo hours bi'tween the occurrence of the minima and 
the maxima, and tlu*iv can be no doubt that this periodicity has 
Kvn indiuvd by tlio periodic changres in the external conditions 
aiVonip:»nvinc the a horn at ion of day and night. 

Tiie i:.jv.i i tor^vd into the tracheal tissue is by no means pure 
water. 1: lK^\is var:o:;> substances in solution. such as mineral salts 
;»h>.V;v*i t:v'.u ti.e s::'. : :n the sprinir it is relatively rich in organic 
N .; \\> : A r. i^ > . s v. .* h a s p rv^ : o : is. s :: ^^iir. acids, coloming-mat t ers, etc., 
.•i*-.\i-.i !:\v.-. :'.e ri^si:'it'» s:-^rei in ibe parenchymatous cells of 
1! o '\v:. w ••..,":^ sr\" Iw.i: .vr^veyei to the opening bads. 

... :%>-.. .\ . ..'■'•^."•r'-.:. T:.r mechanism by which, after the 
'...v,.-..i '.:»> Kv:-. t\^:viv. :r.:o :rt xylrn: of the root, a sufficient 
,'.;-".vv.: •> ■..;,.*.:;•.'..:■.: :';•.-. "i:V. :"r.f sT'tt:: of a lofty tree to supply 
i" r r«.-: »; \ :r-?iv>.- vvvT "i/ivrs. :* still one of the incompletely 

"i. V .; ; :v an^ -..;v. :':*: :>.= :rir.spir*tion-cnrrent is main- 
ly • .V. V ■- . I : » : :- - •. r-v-f^s.-.'^ T:jf?*is no donbt that, in 
.1 ,^-». .. ; V '■■ '^ >:•: v. '" 1 . '.Ti r.V'7-rTiPS5ure is snfficient to 
'. ••,•.■ . '. -.v* • V . ' V fcTT *-'.: -h:* is probably true also 

,■ .•>". ' ••■. V *. ■,..■• 7 :^ .?!.: T.'.- r.o-T-pressnre can bede- 

,o .'•■■• ,1. i:-\ ^. ^ iv- • TifcTTSk. fcii that it can never 
.V . , .-. . • . . .,. - r,'- V vffT. iri.Ti^'niration is active, 

*« . = . '. ^^ 7i."o- ^'i TiTf^-sare (p. 699) in the 

'■. ^^. V ^ . '.v ■•.■ > X ■>■ ip . ■; '-^TT ":* maint-ained for • 

■ "^ ■► ' ^ ■ • i-^ '.! -f :\:*i'j. n.^ed bv heat, as also 



' v- V 



' •■*> ^' ■ ^.vV^ .'' ''* r»',' .T.— *f»T.i is maintained by * 
•.■■V • ^- ■ ''< -.v . -.r-wi ^*.vi. « Ml t^- ''fa'Mi'ic^ jevels in the st^Pi 
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water being absorbed and then returned under pressure into the 
vessels by the adjacent parenchymatous cells. This view, based 
principally on anatomical facts, is supported by but little direct 
evidence, although it has been ascertained in certain cases that 
the parenchymatous cells of the stem are capable of forcing 
liquid into the xylem : for instance, when a piece of a grass- 
haulm is placed with its lower end in wet sand, drops of water 
may be observed to exude from the upper out surface after a 
time. But in view of the fact that the transpiration- current can 
be maintained through a considerable length of stem killed by heat, 
as also of the fact that fatally poisonous solutions may be thus 
conveyed upwards through the wood for a length of time which 
ensures the death of all the adjacent parenchymatous cells, it is 
difficult to see how this theory can be maintained. 

It has also been suggested that the current is due to purely 
physical causes, such as capillarity and the difEerence between 
the pressure of the external atmosphere and the lower pressure of 
the gases in the xylem of the plant, or the differences of pressure 
of the gases in the lower and upper parts of the plant. With 
regard to capillarity, it need only be pointed out that in 
many cases {e.g. Coniferse) the conducting- tissue of the xylem 
does not consist of continuous capillary tubes, but of closed 
tracheids; here it is impossible for a column of water to be 
raised by capillarity, and yet the current is maintained ; and 
even in plants with continuous xylem-vessels, the force of capil- 
larity would be altogether inadequate for the maintenance of the 
current. With regard to the " gas-pressure-theory," it will suf- 
fice to point out that, even if it were well-founded, it could only 
account for the raising of water in the plant to a height of thirty- 
two feet at the utmost ; but it is not well-founded, for inasmuch 
as the xylem-system is air-tight, being shut off from all commu- 
nication with the external air (see p. 678), the movement of fluids 
within it is in no degree affected by the atmospheric pressure, 
and the internal differences of gas-pressure are altogether in- 
adequate. However, though neither capillarity nor differences of 
pressure can be regarded as the active cause of the current, the 
maintenance of the current is aft'ected both by the capillarity of 
the vascular tissue through which it travels, and by the varying 
pressure of the gases which that tissue may contain. 

Two facts have been made clear by the foregoing considerations : 
first, that the water contained in the wood is readily mobile, a 

V. s. B. z z 
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fact which has been proved beyond question bj specml experi- 
ments : second, that the onlj force remnining to which tie more- 
ment of the transpiration-carrent in the stem can be attribated^ is 
that of the osmotic absorption of water from the tracheal tissne 
by the adjacent cells of the leaves when transpiration is going 
n. In accr)rdance with these facts it has been snggested. that 
the water travels molecniarlv through the snbstance of the 
lignified cell-walls, the water taken np from the wood by the 
transpiring leaves being at once replaced bv fresh molecules 
com in ST up from below. The merit of this riew, knowrn as the 
*• imbibition- theory/* is that it overcomes the difficulty of account- 
ing for the raising of water through the cavities of the tracheal 
tissue ; for the molecules of the water thus conceived of as being 
held in the substance of the cell -walls will travel, like the niole- 
cules of a eas. in the direction of least resistance, that is, towards 
the tran<spirine organs. Moreover it is true that the transpiration- 
current will only travel through wood the walls of which are 
saturateiil with water. But it is objected to this theory that it 
doe^ not accord with the fact that any diminution or interruption 
of the lumina of the vc^ssels, by compressicoi for instance, or by 
section, diminishes or arrest* the transpiration-current; clearly 
this oujirht not to be the case if the current travels exclusively in 
the walljs. Moreover it has he^n asrercained that the actually 
Ow-^cdTictir^g-tisisne of the woc«d alway? contains water in its cavities 
even when tmnspiratSon is r3:»>t a-rtive, iJ>o>ush bubbles of gas are 
alji^ rrvsent, at anv mie in the wiier vessels or tracheids. 

The c*.^r>.*'i;>iMi< to l^ drawn a$ to the i&erhanism of the trans- 
rirsiJi.r.-.^nrrti!! :t: L-^ftr iT^c*e*» =:*t r^ stained as follows. In the 
5pr:r:^ tbt* wxxi i> full of ir»:cr f ^^.'^^i iito it by loot-pressure. 
WV^r :r.f -T'jfcYe* nnf xi, ari t^cvr^Ti i-r irrfca^pis^^ water is ^p:adually 
^^.:biriw: fr^rr:: :riT wVr .i :::'.'^:T.i: Tr^rbfxal I2i5si». and the tissue is, at 
arr T^fc:^^ f^-^r t>? ^n>s: rvjkr^. xvnr:^i Vt & svsoexa of short columns 
. : wiicr m.:h -nicrrtr t.^ c^»>-^-^^-•^^ *>? ccCxamis of water being 
^r. A '-"r-. ir.:.tfc::^r V/ ^.'."^"rz f.rii> ij^T^r *^ c^ll- walls. If the 
^ *'- : >: T-'ir -rrrfcor^T'i^ : ^or^ r^ t i! ^ ?^**5e, rt is sng^pested that 
a.> ^uTrT > m :>.1'^WT. T^*. T?. T Sf r\-.«:r Txk?^ rf tlie wood by the 
:"i^. V'. -»:,'; .•"::■: i^v-j^^ i, .t-^':: >>*;•* rr^ lie water travelling 

* • .^ :'; .\ -** ^ S;*'«r»:': " X- T i'' X : ?«: r^^-Nubbles. But it 
^ *^ N: :*^: )i ,'»^'r: l\*:^ <t>vj>^- c — jor?T^5> c*08BBpletely filled 

* ' *x:;:' > ^vi ' -^ - :>: v^: I : Vi ' " s 1 1 T^Mirt this that the 

* *.--v. : : '^>v V ' *, ,v ^ . .v^' ':^ *.^5v.v > sjTcoe^ with water. 
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in the first instance, from that which fills the non-conducfcing 
tissue of the wood (and the old wood or duramen, if present), and 
ultimately by the root. It may be thought that the suction due 
to transpiration would be incapable of maintaining the current ; 
but this diflSculty is met by the consideration that the water is 
held in position by the capillarity and the cellular structure of 
the tracheidal tissue, and that the system of columns of water 
and gas-bubbles does not move as a whole, since the latter cannot 
pass the pit-membranes of tracheids. Moreover the force of 
transpiratory suction is considerable, though it has not been 
accurately measured. 

The Distribution of Organic Plafitic Substances, These substances 
may be generally stated to consist of organic substances of two 
kinds, nitrogenous and non-nitrogenous, and these are distributed 
through different channels. 

1. The nitrogenous substances travel, in plants or in parts of 
plants which are not supplied with vascular tissue, in the form 
of amides (see p. 707) by osmosis from cell to cell. But in 
vascular plants -i^ is known that they also travel in the sieve- 
tissue from one member of the plant to another, in the form of 
indiffusible proteids. There is no evidence that the very slow 
movement of the contents of the sieve-tubes is effected by any 
special mechanism ; it appears to be simply induced by the de- 
mand for these substances at any points, and it is doubtless 
promoted by the swaying of the stem and branches. 

2. The non-nitrogenous substances travel through the plant in 
the form of glucose and maltose (see p. 708}, in solution ; they 
travel by diffusion from cell to cell, and more especially in the 
elongated parenchymatous cells, forming the conducting- sheath , 
which, in the leaf, consists of mesophy 11- cells closely investing the 
vascular bundles, and, in the stem, belongs to the inner cortex. 
This layer is not the endodermis, but lies externally to it ; the 
endodermis frequently contains starch-grains, and is sometimes 
termed the starch-sheath, but it is rather a depository than a con- 
ducting-tissue. 

The direction in which organic substances travel in the plant 
seems to be determined simply by the demand for them. Just as 
the water and the substances in solution absorbed by the roots 
travel to the transpiring and assimilating organs, so the organic 
substances produced in the assimilating organs travel in the 
plant to those parts in which organic substance is either being 
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used in growth, or is being stored up as reserve material. In a 
Potato-plant, for example, part of the organic substance formed 
in the leaves travels to the growing-points of the roots and of the 
shoots, where it is required for the development of new leaves, 
flowers, branches, etc., whilst the residue travels to the under- 
ground shoots which are developing into tubers and are storing up 
quantities of starch. Similarly, these organic substances travel 
apparently by the same channels and in the form of the same 
chemical compounds, from organs which serve as depositories of 
reserve material, when these stores are drawn upon to supply the 
growth of developing parts. For instance, when a Potato-tuber 
begins to sprout, the starch, which is the principal reserve 
material, is drawn upon, being gradually converted into sugar, 
in which form it travels to the growing-points of the young 
shoots and supplies a large proportion of the plastic material 
necessary for their growth. 

§ 9. Metabolism. This subject will be subdivided into: 1, 
Chemical Composition ; 2, Food of Plants ; 3, Anabolism ; 4, Cata- 
bolism ; 5, Products of Metabolism ; 6, Supply and Expenditure of 
Energy. 

1. Chemical Composition, As a preliminary, a general account 
of the chemical composition of plants will be given. 

All parts of living plants contain a considerable quantity of 
water : this forms not merely the principal constituent of the cell- 
sap, but also saturates the cell-walls, the protoplasm, in short, all 
organised structures; it is, in fact, one of the peculiarities of or- 
ganised structures that minute particles of water are interposed 
between the particles of solid matter of which they consist. By 
heating to 100° or 110° C, all the water contained in any part of 
a plant is expelled, and in consequence it will naturally lose 
weight. The amount of this loss, that is, the quantity of contained 
water, is very different in various plants ; ripe seeds dried in the 
air contain from 12 to 15 per cent, of water, herbaceous plants 60 
to 80 per cent., and many water-plants and Fungi as much as 
95 per cent, of their whole weight. 

The residue, which gives off no more water at a heat of 100° C, 
the dry solid, consists of a great variety of chemical compounds ; 
these are partly organic, that is to say, combinations of carbon 
with other elements, and partly inorganic. These organic sub- 
stances which occur in the living plant (with the exception of 
salts of oxalic acid) all contain hydrogen. Some of them, such as 
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many oils, consist of these two elements only (carbon and hydro- 
gen), bat by far the greater number, including cellulose, starch, 
and sugar, as well as the vegetable acids and certain oils, contain 
oxygen also. The proteid substances consist of carbon, hydrogen, 
oxygen, nitrogen, sulphur, and sometimes phosphorus ; in other 
bodies which contain nitrogen, as asparagin and many alkaloids, 
there is no sulphur or phosphorus ; from certain other alkaloids, 
for instance nicotin, oxygen is also absent. 

The commoner organic substances of which the plant- body 
consists may, in the first instance, be divided into those which 
do and those which do not contain nitrogen in their molecule. 

The most important nitrogenous substances may be classified as follows : — 

1. Proteids : these are substances with a large molecule of complex constitu- 
tioD, to which no chemical formula has yet been assigned ; they may be soluble 
or insoluble in water, and when soluble are mostly indiffusible ; they are gener- 
ally of a viscid nature (like white of egg) and are rarely crystallisable. Of these 
there are several varieties : — 

a. Insoluble Proteids : do not dissolve even in dilute acids or alkalies : e.g. 

coagulated proteid. 

b. Albuminates : insoluble in water or solutions of neutral salts, but soluble 

in dilute acids or alkalies, sometimes soluble in dikite alcohol : e.g. 
gluten of wheat. 
e. Globulins : msoluble in water, but soluble in solutions of neutral salts 
(such as NaCl) and coagulated on boiling, sometimes crystallisable : 
these enter largely into the composition of aleuron (see p. 112) ; the 
crystalloids in the potato and in some aleuron-grains {e.g, Bicinus, 
Bertholletia) consist of a kind of globulin (vitellin). 

d. Albumins : soluble in water, coagulated on boiling : rare. 

e. Albumoses : soluble in water, not coagulated on boiling, but precipitated by 

a small quantity of nitric or acetic acid, and soluble in excess : a common 
constituent of aleuron. 
/. Peptones : soluble in water, not precipitated by boiling or by acids ; present 
in germinating seeds. 

2. Amides (or Amido-acids) : these substances are soluble in water, not 
coagulated- on boiling, diffusible, and crystallisable. Those commonly occurring 
in plants are Asparagin (C4H8N2O3), Leucin (^i2H2(jN204), Tyrosin (C9H11NO3). 

3. Alkaloids: these substances are, chemically, organic bases, occurring in 
plants in combination with organic acids ; they are insoluble or but slightly 
soluble in water, soluble in alcohol ; most of them are solid at ordinary tem- 
peratures, and are crystalline, whilst others are liquid (Coniiu, Nicotin) ; they 
are generally poisonous. 

The more familiar alkaloids are Coniiu (CgHigN) from Conium ; Nicotin 
(C10H14N2) from Tobacco ; Morphin (C17H19NO3), and other opium-alkaloids 
from the Poppy ; Strychnin (CoiKj-jNoOj) from Strgchnos Nux vomica ; Quinin 
(CjoHjiNjOj) i^om the Cinchona ; Thein (C8H10N4O2) from Tea ; Theobromin 
(C7H8N4OS) from Theobroma Cacao, 
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Some colouring-matten are also nitrogenoas (e.g. chlorophyll, and indigo 
Ci^HjNO), A8 also some glucosides (see below). 

Tbe principal non-uitrogenou* substances are : — 

1. Ctirbohydratei : substances consisting of C, H, and O, the H and O being 
present in the same proportions as in water (H^O) ; of these there are the 
following classes : 

n. Ann/losff ; general formula n (C^HiqO^) ; of these eellulo^e and starch are 
the most common, the former entering largely into the composition of 
ct'll- walls, the latter occurring as a reserve material in the f<»in of starch- 
brains ; they are neither of them solable in water under ordinary circom- 
stances : dextrin or antylin, a product of the action of diaHtawe on starch, 
is soluble in water but not crystallisable : itudin occurs in many Com- 
p<>sita- and allied orders (Campanulaces, Lobeliaees) in solatioa in the 
cell -sap ; it is slightly soluble in cold water and is erystalliaable. The 
^ums and mucilages also belong to this groap. 

f. Suc^iisfs : Ci«H««0;, soluble m water and erystallisable : eane-sngar 
occurs in many plants (esp. Sugar-cane and Beetroot) ; maltoao is the 
cLief prv^Qct of the action of diastase on starch. 

c. i^l.^.'Sfs: C^H.A\ : soluble in water and crystalltBable : they oocor in 
frjit* giape-sugar^. 

TLe sucroij^^^ and glucoses are commooly known as sugars. 

A >;::'>sa::c>e t^rrmed Xla^xnt QH.^Oj oecnrs in the eell-aap of Fraxinms 
t «"<t ..* jkiii som«^ o:ber planu : thou*:h dc4 a carhobydiate, it is dosely allied to 
t:;.> (:r. ..r , oi>^s4allisabI^. but xk>i reiaiily soluble in water. Tbe g^neoeea are 
d^:.\Ai.«(> j^itfhTi^rs- of mannite lazi a>i:ib:-lL 

S . • .%}.' j."i*> lisTj-s* ^w:ir is ii» piaai either free or, more eoramoDly, 
a> r.c..;:-AiI .r i^'ii j;ali> in ^ygshi^tajg: with or^asiic or Kineial bases; scHne 
*:y «vi.>«.;d«£:i> .*i ibe fA7i> asi ±xf>d cil^ </.r. pahaitac aad oleie afcids; see 
U.. « i«-f ai.rif ^.TSLiD.^.!: ar« rxabr acii tHjC^O^u asalie aol (JB^JkLSK)^ 

5^ .^i.\4<vii:> . $^>i»;uu vXi$ .i a.':=LTufx »^ctmasa:iB wiik^ ov« thfii name to 

iN ti*;: ;:.j»4 i:*^} cv^ rx^x.. «^r i«o.^aLTo<;.xJni^v^ claeoK aanooigodierpradaBls: 

>:?. : K**t ,.$i,iiw*. .«.. v\,i,.H.XC^ 3«w*ka$«K <atu of may Binnanrig); emmiferim^ 

K.^\\^\ ^.c..?rc*«N:;> wA.vt , wi-ar^k ^ sLTrnnaar <tf fcttsk. KC,tHs«NSsO]« 

?«cv^.> ,^>: V«4>.;;ji^i. n*. i.-^.K c\H r^^Tt- ir )iark re ia iik*«« sni Poplars) ; gmlJU- 

«jsw.,„.: H.ia>t .c u>(*3tt >r.ns:aj)M«» •«./.. KxtypaaSiii and iqyroaxi^ **m»1%»" 
I. 'v^w^: '»■ •> xivi!^ o.n «rp}.it<i ; s^r ;itesa.r( •:h(ixr was^ 1^ ^ur aiuaeao os son- 

% .' -^ • u. * •« , > .X u««i?4 iU)Lhsskiutit$; <ft^ .b^ idcnr x& "dw seeds and 

:.u > .^ i^.h.: ^v k-^ ll..v.u-^l^ «k *^^ u»r<^« aniA» wac^ {'"TUfiFiiiii f>fii|M»iiml i 
.«.\^v>''*'.«<^ *« h^ v^ »».'«as> ,1 is n».'uw\: ^ k Tn.y&nrt if iiaHnitif and ol&c 
a.M.»-^ > I *.»..-,. k >^v^••«.«4!^ •• . -i.i-.i. ^"..>» .'*"^,.^. i>.^Cv^ w^uok is a solid £at, 
fc.1'. « • s. :. X v"-^.' ,^. *!• J fc^ k i>i:ii: 3*1: or «£ : bihv>-al ecxisists 
.■^ '. '^ .'■«•■ ♦^ 'i H^vMv ;u.'u.;:i *»fcss.uv* ,ni. .n rtamnwir ^*dif f^^ypeaiAe of 
,*v -vv .i\, »^,^»., wn- >>t.r*. t» K. V . \*;VM.tt .X 5tvs»fcru aaid :? imwwiHgiL <rf lincJcin. 
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plants (flowers, fruit, etc.), and it is to them that the odours of plants are 
chiefly due. They usually consist of a mixture of oxygenated compounds with 
hydrocarbons of either the formula CioHi^ (terpenes) or C15H24 : many of the 
oxygenated compounds are solids held in solution in the liquid hydrocarbon ; 
thus, turpentine (from Conifers) is a solution of resin (or abietic anhydride, 
^u^804) ^ ^^6 terpene called terebene; camphor-oil consists of camphor 
(CioHjqO), a solid substance, dissolved in a terpene ; oil of cloves consists 
chiefly of eugenol (CioHigOg) with a hydrocarbon C15H24. Some essential oils 
consist simply of a single substance the composition of which is various ; thus, 
oil of bitter almonds is an oxygenated substance, CyH^O (benzoic aldehyde); 
oil of mustard is a sulphur-containing nitrogenous substance, C3H5,NCS (allylic 
isothiocyanate). 

Allied to these hydrocarbons are the solid substances caoutchouc and gutta- 
percha which occur in milky latex : they have the composition n{C^'H.Q). 

The organic compounds can for the most part be resolved into 
volatile products — chiefly carbonic acid, water, and nitrogen — by 
exposure to great heat with free access of air, that is, by combus- 
tion. The inorganic residue is a white, or, if the combustion is 
imperfect, a grey powder, the ask. 

As the result of chemical processes attending the combustion, 
the sulphur and phosphorus previously contained in the organic 
compounds appear as sulphates and phosphates in the ash, and the 
carbonic acid formed during combustion combines with some of 
the inorganic substances. These, therefore, must not be included 
in an accurate estimate of the constituents of the ash. 

The ash usually constitutes but a small percentage of the whole 
dry solid of the plant. The amount of ash increases with the age 
of the plant, or of any part of it, inasmuch as there is no appreci- 
able excretion by the plant of the mineral substances absorbed. 
The percentage of ash in the dry solid of the plant, or of any 
organ, may vary widely at different times. The following analyses 
of various portions of plants will give an idea of its amount and 
composition : — 
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2. The Food of Plants. The constitnents of the ash do not 
form a merely accidental mixture ; it has been proved by experi- 
ment that certain inoi'ganic compounds are absolutely necessary 
to the life of the plant. Those chemical elements which the 
plant requires for its nutrition, and which mast therefore be re- 
garded as part of its food, are : — 

I. Non-metallic Elements : — Carbon, hydrogen, oxygen, nitro- 
gen, sulphur, phosphorus, and perhaps chlorine. It must, 
however, be clearly understood that all these elements 
also exist in the plant to some extent as inorganic com- 
j)ounds, carbonates, nitrates, phosphates, sulphates, of the 
metals mentioned below. 
II. Metallic Elements : — Potassium, calcium, magnesium, iron. 

Besides these we find in the ash of many plants — though they 
cannot be regarded as essential to nutrition — the following ele- 
ments : sodium, lithium, manganese, silicon, iodine, bromine, and 
in rare cases, also aluminium, copper, zinc, cobalt, nickel, stron- 
tium, and barium. Fluorine must also exist in vegetables, for it 
is found in a perceptible quantity in the dentine of animals which 
feed directly or indirectly on vegetables. 

The essential elements of the food will now be severally dis- 
cussed. 

Carhoyi. Plants which possess chlorophyll obtain their carbon 
mainly fi-om the air (or, in the case of submerged plants, from the 
water) in the form of carbon dioxide. The absorption of carbon 
dioxide is, however, limited to those cells which actually contain 
chlorophyll, and it can only go on even in those cells so long as 
they are exposed to sufficiently intense light. 

Although plants possessing chlorophyll can and do use ^carbon dioxide as 
cftrbonaceous food, yet there is reason to believe that they may supplement this 
bv absorbing more complfx carbon-compounds from the soil by their roots. 
Thus, a remarkable case of symbiosis (see p. 273), has been observed in varioas 
plants (especially trees belonging to Corylaceas and Fagaceae) : the absorbent 
region of the roots is more or less closely covered by a felt-work of fungus- 
mycelium, the whole structure being termed viycorhiza : it is suggested, and the 
suggestion is based principally on the fact that the development of the mycorhiza 
is the more marked the richer the soil in decomposing organic matter (humus), 
that the fungus promotes the absorption of the organic matter by the roots of 
the tree. In certain other cases {e.g. Drosera, Dionasa, Utricularia, etc.), green 
plants are provided with a special mechanism, in the form of modified leaves 
for obtaining a supply of organic carbon-compounds. Such plants are said to be 
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carnivormis. The case of Drosera may be selected for illustration. The upper 
surface and the margin of a leaf of this p^ant bears numerous glandular appen- 
dages, the tentacles (see Fig. 42, p. 66). The glands at the ends of the tentacles 
continually excrete a viscid liquid. When an insect comes into contact with 
one of the marginal glands, it sticks to it ; this stimulates the tentacle, and it 
moves, curving inwards to the centre of the leaf, and gradually the other 
marginal tentacles incurve over the insect (Fig. 42 B). The glands then secrete 
an acid liquid containing a digestive ferment which acts upon and dissolves the 
soft parts of the insect, and the products of this digestion are absorbed. 

Plants which do not possess chlorophyll are incapable of using 
carbon dioxide as carbonaceous food, but require more complex 
carbon- compounds. Such plants are, all Fungi, and among the 
higher plants, Cuscuta (Dodder), Orobanche (Broomrape), Neottia, 
etc., though in some of these latter, a small, but altogether insig- 
nificant quantity of chlorophyll has been detected. These plants 
absorb the complex carbon-compounds which they require, either 
from living animals and plants, or from the decaying remains of 
animals and plants : in the former case they are termed parasites, 
in the latter saprophytes. 

The most common parasites are those which are nourished by other plants, 
termed hostSt and each parasite has its own peculiar host, and possess pecuUar 
root-like organs, the hanstoria (see p. 66), by which they are attached to the 
host and absorb their nutriment. They frequently have a prejudicial effect 
upon the host, and sometimes cause malformations, such, for instance, as the 
** witches' brooms " in the Silver Fir, which are produced by a parasitic rust- 
fungus, the jEcidium elatinum. Less common are parasites on animals, such 
as the Schizomjcetes (Bacteria, etc.), which cause various diseases, and other 
Fungi, like Entomophthora, which is parasitic on flies, and Cordyceps, which 
is parasitic on caterpillars. 

Some of these parasites, Cordyceps for instance, can live saprophytically to 
some extent ; these are potential saprophytes. On the other hand, there are 
potential parasites, that is, plants which can live almost as well parasitically as 
saprophytically, such as Agancus vielleust which grows equally on living trees 
and on dead logs. 

It is remarkable that certain plants which possess chlorophyll arc nevertheless 
parasitic in habit ; for instance, Viscum (the Mistletoe) which is parasitic on 
various trees, Ebinanthus (the Battle) and other Scrophulariaceae, also Thesium 
(Bastard Toad-flax), which are attached to the roots of other plants by their 
haustoria. The nutritive processes of these green parasites are not yet fully 
understood, but it seems probable that they absorb from their hosts the sub- 
stances which they should normally obtain from the soil, though in a somewhat 
modified form. 

The great majority of the saprophytes are Fungi, such as the various Agarics 
which grow in the soil of woods (humus) which is formed by decayed eaves and 
is rich in organic matter ; the Moulds and Yeasts which grow in saccharine 
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of i\w formation of chlorophyll if the soil be supplied i?vith iron, 
np vvvn if tlu'ir surface is washed with a very weak solution of 
iron. 

l*otassinm is found in plants in the form of salts combined with 
viiriouH oiyanio noids, as tartaric acid, malic acid, and oxalic acid. 
Tnloss tho soil contains potassium-compounds, the assimilation of 
ourhon ilioxido by plants possessing chlorophyll does not go on, 
us is shown by tho fact that, under these circumstances, the plant 
»loos iu>t ini'ix^aso in dry weight. Potassium-salts are especially 
alnuulant in those parts of the plant which are rich in carbo- 
hydmtt's suoli as start*h and sugar, as in potatoes, beet-roots, and 
fruits. 

t\:.ViHr'» and MiWHesi'tm have been shown to be necessarr to the 
iu>nuHl dovt»U»pmont of plants : they are absorbed as nitrates, phos- 
phAtos HTul su!ph*t05i. and thus serve as bases for the absorption 
x»t tiust- v^ttur uuxx^rrant elements. Little is known as to their 
vitrxv: usv t'lov tv.*v cv of inizx^rtance in Bieatralisins' the organic 
."♦.^tvN x*^v<v**A*\v ova!:o tortn-ed in the plant: and calcinm, at 
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FiO. 471.— WRlBr-OHUnres of Buckwlieat (after Nobbe). 
„ 3. „ „ „ »f with sodinm-Balu iaitead of potasiiam. 

This method of experimental cultnre, which is known as water- 
culture, has been of the greatest service in determining which are 
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catabolic activity ; when catabolism ceases, life ceases ; the organ- 
ism is dead. A good illustration of this is afforded by the scarcely 
perceptible catabolism of seeds, bulbs, etc., when quiescent, and 
their very active catabolism when they begin to germinate. 

The catabolic processes of the plant are carried on either by the 
living protoplasm itself, or by means of certain substances forme d 
by the pi*otoplasm, which are termed unorganised ferments or 
enzymes. 

The catabolic processes carried on by the protoplasm are mainly 
such as depend upon the absorption of free oxygen from without, 
and are accompanied by an evolution of carbon dioxide ; in fact this 
gaseous interchange between the plant and its environment, termed 
Respiration, is the external manifestation of the performance of 
these catabolic pi-ocesses. The seat of these processes is the 
protoplasm, and it is mainly the molecules of protoplasm that are 
decomposed ; in other words, just as the construction of the pro- 
toplasm-molecule is the ultimate result of anabolism, so the 
decomposition of the protoplasm-molecule is the central fact of 
catabolism. 

The significance of the absorption of free oxygen in connexion 
with catabolism appeal's to be this : the chemical decompositions 
which constitute catabolism involve a certain expenditure of 
energy, though the amount thus expended is very much less than 
the amount evolved by the decompositions ; the smaller, then, the 
the amount of the energy expended, the greater will be the amount 
of available kinetic enei'gy in the plant : now the entrance of free 
oxygen into the decompositions facilitates their performance, so that, 
under these circumstances, the largest amount of kinetic energy is 
evolved at the smallest initial expenditure. 

The reason, then, why most plants die when they are deprived 
of free oxygen, is that they are unable to carry on, under these 
circumstances, those catabolic processes by which the kinetic 
energy essential to the maintenance of life is evolved ; just as a 
fire goes out, that is the oxidation of the coal stops, under the 
same conditions. 

Though it may be generally stated that living plants at all 
times absorb f I'ee oxygen, and that the maintenance of life depends 
upon a constant absorption of fi*ee oxygen, yet there are excep- 
tions. Thei^e are, for instance, certain Fungi, such as Yeast and 
Bacteria, which can live in the absence of free oxygen. They are 
unable, under these conditions, to carry on what may be termed 
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the normal o|idative catabolic processes ; bat they carry on other 
processes of decomposition into which free oxygen does not enter, 
provided that suitable material is accessible ; the processes are 
termed fermentations. Thus, Bacteria cause putrefaction and 
other similar fermentations in the most various organic substances 
with which they happen to come into contact. Similarly Yeast is 
the cause of the alcoholic fermentation of sugar, which may be re- 
presented by the equation 

CeHi20e=2C2HgO + 2CO2. 

These fermentative catabolic processes involve, like the oxida- 
tive catabolic processes, an evolution of kinetic energy, but this 
is, generally speaking, attained by a greater initial expenditure. 
Yeast, for instance, certainly thrives better when it can obtain 
free oxygen than when it cannot ; but many of the Bacteria have 
become so completely adapted to a life based upon fermentative 
catabolism, that they die if they come into relation with free 
oxygen {ancierobia}. 

Yeast, Bacteria, and other plants which can excite fermentation 
are termed organised ferments, inasmuch as they are complete 
living organisms and as their power of exciting fermentation 
depends upon their being alive, in contradistinction to the un- 
organised ferments or enzymes already mentioned, which are not 
organisms, but simply chemical substances which may be pre- 
pared and kept under conditions which would be fatal to life. 
The peculiar properties of the unorganised ferments can, however, 
be very readily destroyed, as, for instance, by boiling or otherwise 
heating. 

The chief kinds of enzymes which have been found in plants 
are : — 

1. Those that act on carbohydrates, converting the more 
complex and less soluble carbohydrates into others of simpler 
composition and greater solubility. 

2. Those that act on fats, decomposing them into glycerin and 
fatty acid. 

3. Those that act on glucosidea, glucose being a constant product. 

4. Those that act on the more complex and less soluble proteids, 
converting them into others which are more soluble and probably 
less complex, or decomposing them into non-proteid nitrogenous 
substances (amides, etc). 

The chemical action of some of these enzymes are illastrated by the following 
equations : — 
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1 . Conversion of ttarch into sugar (amylolyiic enzyme, commonly termed 
diastase) : — 

Starch. Maltose. Dextrin. 

3 (C,H,o04) + H,0-Ci,H„0„ + CeHio05 

2. Conversion of cnne-sagar into grape-sngar (invert enzyme) : — 

Cane-SQgar. Dextrose. Lsevulose. 

C]^H^O]| -f HjO » C0Hi3Oe+ CoHj^Oq 

3. Action of fat-enzyme : — 

Olein. Oleic acid. Glycerin. 

^47^104^6 + 3HjO » 3C19H34O2 + CsHgOg 

4. Action of glucoBide-enzyme ; the instance taken is the decomposition of 
the glacoside amygdalin in the Bitter Almond by the ferment termed synaptase 
or einuUin : — 

Am\gdalin. Oil of bitter almonds. Prussic acid. Glacose. 

C,„H„NO„+2H20 = CyHeO + HON + 2(C6H,aOc) 
It will be noted that, in every case, the action of the ferment involves the 
taking up of one or more molecules of water. 

The action of the enzymes which act on proteids (proteolytic enzymes) can- 
not be represented by equations, inasmuch as no formulae for the various 
proteids liave at present been arrived at. It may be generally stated that their 
effect is, like those of the other forms, to induce decomposition with the assump- 
tion of water. The proteolytic ferments, acting some in an acid medium, others 
in an alkaline, convert the more complex proteids, such as globulins, into the 
simpler peptone ; and further cause the decomposition of peptone into amides, 
such as asparagin, leucin, and tyrosin. 

The chief importance of the unorganised ferments in the 
economy of the plant is that by their means the reserve materials, 
which are accumulated to such a large extent in the form of 
substances, such as starch, fat, cellulose, proteids of aleuron- 
grains, which are either not soluble in water, or if soluble are 
only slightly diffusible, are converted into substances, such as 
amides and certain sugars, which are both readily soluble and 
diffusible, and which can therefore travel osmotically from one 
part to another. For instance, as mentioned above, the excess of 
carbohydrate formed in the leaves when they are actively assimi- 
lating, is commonly stored up in the form of starch. This carbo- 
hydi*ate is eventually conveyed to other parts of the plant ; but, 
since starch is insoluble, it cannot be conveyed in that form ; it is, 
in fact, converted into maltose by an amylolytic ferment present 
in the leaves, and it is in this form that non-nitrogenous organic 
substance is conveyed away from the leaf where it has been 
produced. Other striking illustrations of the importance of 
ferment-action are to be found in the chemical changes going on 
in germinating seeds, bulbs, tubers, etc. When a starchy seed, 
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or a starchy tuber like the potato, germinates, the starch-grains 
are gradually dissolved, the starch being converted into maltose. 
When the tuber of the Dahlia or Artichoke, which contains inulin 
as the non- nitrogenous reserve material, germinates, the inulin 
disappears and is gradually replaced by grape-sugar. When an 
oily seed germinates, the oil-drops become less and less apparent, 
as the oil is gradually decomposed by ferment-action into glycerin 
and fatty acids ; the next step is the formation of carbohydrate 
(sugar or starch), probably from the products of the decomposition 
of the oil, a process which involves the absorption and fixation of 
oxygen, since carbohydrates contain a higher percentage of oxygen 
than does any form of fat or oil ; and then, finally, any starch 
so formed is converted into sugar. Similarly, the aleuron-grains 
in a germinating seed gradually disappear, the indiff usible proteids 
composing them being decomposed by the action of a proteOjjtic 
enzyme into peptone, and then into amides, in which form they 
are conveyed osmotically to the growing embryo. Finally, it is 
obvious that the indifEnsible proteids which are conveyed from 
part to part in the sieve-tissue of vascular plants (see p. 705) 
must eventually be distributed osmotically in the form of dif- 
fusible compounds, probably amides, to the adjacent parenchy- 
matous tissues, and it is probable, though not yet ascertained, that 
here again a proteolytic enzyme is involved. 

It is worthy of note that the chemical decompositions effected 
by the agency of the enzymes do not involve either an absorption 
of oxygen or an evolution of carbon dioxide, whereas this is the 
case in the decompositions effected by the agency of living proto- 
plasm. But to the latter general rule there are some exceptions. 
Thus, it has been observed that succulent plants, such as Cactacese, 
Crassulaceee, etc., absorb free oxygen without exhaling any carbon 
dioxide ; but it has further been found that, under these circum- 
stances, there is an accumulation of organic acids (especially 
malic) in the tissues. The explanation is this: that, owing to 
some peculiarity in their catabolic process — possibly to the im- 
perfect aeration of their tissues — instead of producing the veiy 
simple substance carbonic acid, which would be exhaled in the 
form of the gas COg, these plants produce more complex, less 
highly-oxidised carbon- acids, which are not volatile at ordinary 
temperatures, and which therefore remain in the cells of the 
plant : these acids (at least malic acid) subsequently undergo 
decomposition under the influence of light with the formation of 
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carbolijdi'ates. Again, the decompositions effected by organised 
ferments (e.g. alcoholic fermentation) commonly involve an evolu- 
tion of carbon dioxide without any corresponding absorption of 
oxygen. 

Respiration. This term is applied to the gaseous interchange, 
consisting in the absorption of free oxygen and the evolution of 
carbon dioxide, which takes place (with but few exceptions) be- 
tween the living plant and the atmosphere, and which may be 
regarded as the external expression of the oxidative catabolic 
pix>ces8 going on in the tissue of the plant. This gaseous inter- 
change goes on over the whole surface of the body ; but in those 
parts which possess stomata or lenticels, it is mainly conducted 
through these apertures. 

Respiration seems to be somewhat diminished under the in- 
fluence of bright light ; but its activity is promoted by a rising 
temperature, and to some extent by greater moistness of the air. 
The relation to temperature is such that respiration takes place 
at temperatures even slightly below 0°C. ; that it increases in 
intensity with a rise of temperature, but in greater proportion, 
tip to an optimum of 40"-4o° ; and then sinks as the temperature 
further rises until the fatal degree is reached. 

The I'elation of the volume of the gases absorbed and evolved 
in I'espii'ation, that is, of oxygen and carbon dioxide, is a matter 
of importance. It may be genei'ally stated that the relation is 
definite and constant for any given plant, or for any part of it, at 
a given stage of development, all other conditions being constant : 
the proportion ^^ may be unity, or less or more than unity, 
according to the natui'e of the plant under experiment, and is 
not affected either by tempenitui'e or by light. 

As illustrating the possible extremes of variation in the proportion, the 
foIlovriii>; oases may be mentioned. In sacculeut plants, when in darkness, 
(see p. 72-)) oxygen is absorbed, but no carbon dioxide is eTolved : and on the 
other hand, when Yeast and Bacteria, or germinatmg seeds, or parts of plants 
^fruit.«, loaves, etcj. are kept in an atmosphere destitute of free oxygen, they 
evol.e earlvm dioxide : again, at periixls. such as a certain stage in the germi- 
nation »^f stHHis. the oi>eniug of buds and flowers, when the activity of respira- 
ti.n is intense, the projK>rtion ^-^' is at a maximum, though it rarely ex- 
ceiis unity, that is. the evohition of COj is relatively large ; whereas during 
periods of more nonnal rospir.itory activity, the proportion of carbon dioxide 
eTo'.\o,i is sn^Iler. The v.^riatious in the proportion ^-* are the expression 
of the varying nature of the catabolic processes going on during different stages 
in tho life of the plant or of any of il« parts. 
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5. The Proilucts of MetahoUsm, The relation between the 
anabolism and the catabolism of the plaot may be generally stated 
thus, that the construction of organic substance in the former is 
greater than the decomposition of it in the latter, so that on the 
whole there is an accumulation of organic substance in the body of 
the plant. ' The organic substance is accumulated to some extent 
in the actual structure or fabric of the plant, as protoplasm and 
cell-wall, and to some extent in the form of compounds which 
may be present in some or all of the cells, but which do not 
constitute any portion of the fabric. These compounds may or 
may not be of nutritive value ; in the former case they are termed 
plastic products, in the latter waste-products, of metabolism (see p. 
670.) 

The most important of the plastic products are enumerated be- 
low. They are all found accumulated as reserve materials in 
various parts of plants, though some of them (e.g. amides, glucose, 
maltose) are more especially the forms in which organic substance 
is distributed throughout the plant. 

Non-nitrogenous reserve materials ; — 

a. Carbohydrates ; in solid grannies, starch; in many seeds, and 

tubers, 
in thickened cell-walls, cellulose; as in Date-seed, 

Cofifee-seed, Vegetable Ivory, 
dissolved in cell-sap ; grape-sugar, as in the Onion 
and in fruits; cane-sugar, as in tbe Sugar-cane nnd 
the Beetroot; inulin, as in the Jerusalem Artichoke 
and Dahlia. 
5. Fats ; in drops in many seeds (Rape, Linseed, Castor-oil, Palm, etc.). 
Nitrogenous reserve materials : — 

a. Proteids; in solid granules (aleuron ; p. 112), in seeds, more espe- 

cially oily seeds ; or in the cytoplasm (e.g. latex). 

b. Amides ; asparagin, etc., in solution in tbe cell-sap of bulbs, tubers, 

bulbous roots* etc. 

With regard to the mode of formation of these substances, 
some of them are certainly produced both synthetically and ana- 
lytically, that is, both in anabolism and in catabolism, whereas 
others are only produced in one or other of these ways. 

Fats and Carbohydrates. There is some evidence that fats are formed in the 
catabolism of protoplasm : that is, that in tbe decomposition of the proto- 
plasmic molecule, fat is frequently one of tbe products : there is also reason to 
believe tbat the purely reserve carbohydrates, starch, cane-sugar, and cellulose, 
have a similar origin. The other sugars (glucose, maltose) may be formed 
auabolically, but are also foimed by enzymes from the reserve carbohydrates. 
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reference to two eases : to the nectaries, and to the chalk-glands. 
The former afford an example of that mode of excretion in which 
the necessary force is supplied by the excreting cells themselves : 
the latter, of that mode in which the necessary force is derived 
from another source. Excretion by nectaries can be well observed 
in the case of Fritillai-ia imperialis (Fritillary, or Crown Imperial). 
At the base of each of the petals of the flower, there is an 
oval depression which is the gland or nectary and is seen to be 
occupied by a large drop of nectar. If the flower be cut off, and 
the drop be removed from the nectary by means of blotting-paper, 
it will be shortly replaced by a fresh drop. It is therefore clear 
that in this case the excretion of the liquid is effected, not by the 
i*oot-pre88ure, for the flower is no longer in connexion with the 
root, but by the cells themselves. The mechanism of excretion 
seems to be this, that the cells of the nectary become turgid, and 
when a certain degree of turgidity has been attained, filtration 
under prossui-e (see p. 669) takes place, and liquid is pressed out. 
Excretion by chalk-glands can be well observed in some of the 
Saxifrages. The chalk-glands are here situated at the end of the 
finer vascular bundles ix)und the margin of the leaves, each gland 
being at the bottom of a depression in the surface, and communi- 
cating with the surface by two or three water-stomata (see p. 157). 
So long jis the leaf is in connexion with the rest of the plant, and 
piwidod that transp illation is not too active, drops of water hold- 
ing chalk in solution ai*e poured out by these glands on to the 
surface through the water-stomata. The excretion stops, however, 
directly the leaf is removed, or the stem is cut through. In this 
case the excretion clearly depends upon the root-pressure ; the 
gland itself has no excreting power, but it simply accumulates 
the chalk which is then washed out by the current of water 
foi^ced thi^ough the gland by the root-pressui'e. 

t>. IVie Supply and the Expt*uditure of Energy. It has been 
already insisted upon that a living organism must be supplied not 
only with matter, but also with energy. The principal sources of 
the supply of energy will now be briefly considered. 

a. All plants absorb kinetic energy in the form of heat (see 
p. 671). 

h. Plants which possess chloi'ophy 11 absorb kinetic energy in the 
form of light, the niys absorbed lieing those which con-espond to 
the absorption-bands of the ohloivphyll-spectruni (see pp. 674 
and 717). 
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c. Plants which do not possess chlorophyll are nnable to absorb 
kinetic energy in the form of light, but they obtain their supply 
in other ways. For instance, it has been pointed out (p. 711) 
that these plants require more or less complex carbon-compounds 
as food : the significance of this fact is not only that these plants 
are unable to produce these compounds for themselves from carbon 
dioxide and water, but further, that these compounds represent 
potential energy which, in the decomposition of these compounds 
in the body of the plant, is evolved in the kinetic form : hence 
these organic food-substances supply the plants not merely with 
matter, but also with energy. 

Plants without chlorophyll also obtain energy by yet other means. For 
instance, when sugar is fermented by Yeast (see p. 723), there is a considerable 
evolution of energy, and this is the true significance of the process from the 
point of view of the Yeast-plant : similarly, Bacteria cause various putrefac- 
tive and other fermentations which are attended by an evolution of energy. 
In these cases it would appear that the plant avails itself of the kinetic energy 
evolved in the fermentative process. 

A few cases have been investigated among Schizomycetes in which the supply 
of kinetic energy is obtained by oxidative processes : this occurs, for instance, 
in the case of the nitrifying organisms (Nitrobacteria) which oxidise ammonia 
compounds to nitrites, and nitrites to nitrates, in the soil : in the case of the 
Sulphobacteria which oxidise hydrogen sulphide (H2S) with the formation of 
sulphates : and io the case of the Ferrohacteria which oxidise ferrous to ferric 
salts (see p. 719). 

The energy obtained in any of these ways is of primary impor- 
tance in the anabolism of the plant : it is concerned with the 
building up of more and more complex organic compounds and 
with the nutrition of the protoplasm ; and in as far as these com- 
pounds, such as carbohydrates, proteids, etc., accumulate in the 
plant, in so far is potential energy accumulated likewise. But, 
inasmuch as the catabolic processes are at the same time in con- 
stant operation, there is going on in the plant a constant conversion 
of potential into kinetic energy, a considerable proportion of which 
is dissipated or lost to the plant. 

Energy is most commonly dissipated in the form of heat, in a 
few cases in the form of light, and also commonly in the form of 
movement. The evolution of heat by plants is not usually 
sufficient to cause the temperature of the plant- body to be higher 
than that of the surrounding air. This is partly due to the fact 
that the catabolic processes of plants are not generally very active, 
and partly to the continual loss of heat by radiation and in con- 
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nesiou with tranHpiration. It is liowever easy, under appropriate 
conditions, to demonstrate the evolution of heat. If a quantity of 
seeds be made to fi^miinate in a heap, they will be found to be 
distinctly wai'ni (Vig. 47tt). This happens on a large scale in the 
process of malting barley. When a lai^e 
quantity ot barley- grains are germinat- 
ing on a malting- flour, they become quite 
hot : they have, in fact, to be continually 
tnrned to prevent overheating. The 
conditions are here most favonrable ; 
fitr the catabolic processes are extremely 
active in germinating seeds, and there 
is bnt little loss of heat by radiation 
and transpiration. Similar observations 
may be made with opening flower-buds, 
the opening of the bnd being also a 
period of great catabolic activity. In 
some cases, as in the Araees, where the 
inflorescence consists of a gi'eat anmber 
of flowers which open siraultaneonsly, 
and which are protected by a lai^e leaf, 
the spathe, a rise of temperature as 
much OS 16" C. has been observed. 

The few plants in which an evolution 
of eneiyy in the form of light baa been 
clearly established are all Fnngi. It is 
commonly termed pkofphoretceace. Tbe 
so-called phosphorescence of decaying 
wood is due to the presence of the my- 
celium of Agaricua melleut, and that of 
pntrifying meat and v^etables to Schi- 
zomycetea of the nature of Micrococci. 
Various other species of Agaricns have 
been found to be luminous. 

Movement of some kind is manifested 
by all plants. All plants exhibit that 
slow movement which is termed growth : 

marked movement of the protoplasm in 
the cell or cells of nhioh the plant-body 
consists, which is known &R ei/closii, cir- 
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culation^ or rotation : some are capable of locomotion during the 
whole or a portion of their life, a peculiarity which is shared by 
many reproductive cells, such as zoospores and spermatozoids : in 
some cases, the floral or the foliage-leaves of the plant can perform 
movements, as the foliage-leaves of the Sensitive Plant, of the 
Telegraph- plant, of Dioncea muscipula (Venus Fly-trap), the 
stamens of Berberis and of the Cynarese, or portions of leaves as 
the tentacles of Drosera (Sun-dew, see p. 711). These movements 
are considered in detail in the next chapter. 

The connexion between these various forms of dissipation of 
energy and the catabolic processes, is clearly demonstrated by the 
fact that any change which prejudicially affects the activity of 
catabolism, similarly affects the dissipation of energy. For 
instance, in the absence of free oxygen, a condition which 
diminishes catabolic activity in most cases, germinating seeds or 
opening flowers cease to evolve heat ; the luminous Fungi cease to 
emit light ; growth, and the other more conspicuous movements 
are arrested : similar effects are produced by exposure to a low 
temperature. 

The main facts of the metabolism of the plant may be clearly 
summed up in a general table of the income and expenditure, such 
as the following. It may be explained that in this table account 
is taken of only that portion of the water absorbed from without 
which actually enters into the metabolism ; the remainder, which 
simply traverses the plant to be exhaled as vapour in transpiration, 
is not considered. Under the head of " incidental losses " are 
included the loss of organic substance connected with throwing 
off reproductive cells, such as spores and spermatozoids, or other 
reproductive organs such as seeds, bulbils, etc. ; and the loss 
accompanying the shedding of leaves, etc., in the (^ase of plants 
which live through more than one period of growth. 
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Plant possrssino Chlorophyll. 



IncotTie, 
I. Matter. 

Food; viz. 

Inorganic salts. 
Carbon dioxide. 
Water. 
Free oxygen. 



Expenditure, 
1. Matter. 

a. Accumulated, 
Organic substance of tissues 

(protoplasm, cell - walls, 
etc.). 

Keserve materials (starch, 
sugar, fats, proteids, etc.). 

'Unexcreted organic waste- 
products (tannins, alka- 
loids, acids, etc.). 

Mineral matter of ash. 

b. Dissipated, 
Carbon dioxide") in respira- 
Water J tion. 
Free oxygen (evolved by green 

parts in light). 
Incidental losses (reproduc- 
tion, etc.) 
II. Energy, 

a. Accumulated, . 
Potential energy of the 

accumulated organic sub- 
stance (see above). 

b. Dissipated, 

Heat. 

Light (in some cases). 

Movement (including growth). 

Potential energy (in connex- 
ion with the incidental 
losses of organic substance, 
as above). 

In the case of plants which do not possess chlorophyll, the account must he 
altered thus : — 



II. Energy, 
Heat. 

Light (absorbed by chloro- 
phyll). 



Income, 
1, Matter, 

Food; viz. 
Inorganic Salts. 
Organic matter. 
Water. 
Free oxygen (in most cases). 
II. Energy, 
Heat. 

Potential energy of organic 
food. 



Expenditure, 
Same as in plant possessing 
chlorophyll, except that no 
free oxygen is given off. 
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CHAPTER III. 

SPECIAL PHYSIOLOGY OF MOVEMENT. 

§ 10. Introductory. The movements to be specially con- 
sidered here are such as may be characterized as vital ; that is, 
they are essentially manifestations of the life of the protoplasm. 
This statement is rendered necessary by the fact that movements 
do occar in plants which are dependent npon purely physical 
causes; instances of these are afforded by the rupture of pollen- 
sacs and other sporangia, the twisting and untwisting of awns (as 
in the fruits of Erodium, p. 612, and Stipa, p. 548), the bursting 
of fruits (as in the Balsam, Impatiens Noli'me-tangere, and the 
Squirting Cucumbers, such as Ecbalium, Momordica, and Elater- 
ium). These movements may be due, in the simpler cases, either 
to expansion and contraction of hygroscopic cell-walls resulting 
from variations in the moisture of the air, or to the imbibition 
with water and the consequent swelling-up of mucilaginous sub- 
stances in the cells ; in the more complicated cases the movement 
depends upon tensions set up between different layers of tissue in 
consequence of unequal expansion. 

The vital movements are either spontaneous or induced. In the 
former case they are the result of causes operating in the or- 
ganism itself; in the latter, they are the result of causes acting 
upon the organism from without. 

The following are the principal phenomena of movement ex- 
hibited by plants ; the streaming movement of protoplasm 
(cyclosis) ; the expansion and contraction of contractile vacuoles ; 
the locomotion of entire organisms ; the movements of cellular 
members. 

§ ll. Automatism. The spontaneous movements may be 
conveniently considered under the two heads of movements of 
protoplasm^ and rnovements of cellular members, 

A, Movements of Protoplasm. Under this head are included 
such spontaneous movements as can be directly observed in the 
protoplasm. The fii-st to be noted is the streaming movement, 
which can be frequently observed either in naked protoplasm (e.g. 
Plasmodia of Myxomycetes), or in the protoplasm of coenocytes 
clothed by a cell-wall {e.g. hyphse of Fungi), or in that of cells 
{e.g. leaf of Elodea and Vallisneria, intemodal cells of CharacesB, 

v. 8. B. 3 B 



736 PART IV. — THE PHYSIOLOGY OF PLANTS. 

root-liairs of Trianea hogotensis, hairs of the stamens of Trades- 
cantia, etc.). The raovement takes place in the more fluid por- 
tion of the protoplasm, and is made evident hy the granules of 
various kinds which are carried along by the currrent. The 
direction of the movement varies somewhat according to circum- 
stances : the current travels in one direction, and this simple 
longitudinal movement is all that can be observed in plasmodia 
and in hjphsB ; but in cells, owing to their shortness, it can be 
observed to travel up one long side, across the end, and down the 
other side ; and when the cytoplasm forms not merely a parietal 
layer, but has strands ti'a versing the vacuole {e.g. Fig. 46 D), 
currents can be observed in these strands also. 

The contractile vacuoles (see p. 102) are small, more or less 
nearly spherical, cavities which make their appearance in the 
protoplasm and then suddenly disappear. In their I'elatively 
slow expansion (diastole), they become filled with cell- sap, which 
is forced oat on the sudden contraction (systole). They have 
been exclusively found in motile organisms, such as Volvox, 
Goninm, Eadorina, the plasmodia of Myxomycetes, the zoospores 
of many Algae and of some Fungi. 

In the second place the protoplasmic movements which involve 
locomotion have to be considered. The simplest case of this is the 
araceboid movement exhibited, among plants, by the zoospores of 
the Myxomycetes and of some Algae, and by the naked masses of 
protoplasm which constitute the plasmodia of the Myxomycetes. 
There is hero no specialised motile organ, but any part of the 
protoplasm may be protruded as a pseudopodium into which the 
remainder of the protoplasm gradually flows, and thus locomotion 
of the whole is effected. 

The locomotory movements of most zoospores, of sperraatozoids, 
and of entire organisms such as Volvox, Pandorina, etc., among 
AlgaB, is effected by means of specialised motile organs, which are 
delicate protoplasmic filaments termed cilia (see p. 102) ; each 
cell may have one, two, four, or many cilia (see Figs. 168, 177, 
181, etc.). 

Locomotion is also exhibited by other Algae, such as Diatoms, Osoillatorias, 
etc., as also by some Sjhizomycetes, but the mechanism is not fully under- 
stood. 

B. Movements of Cellular Members, Instances of the move- 
ment of parts of plants consisting of one or more cells having a 
cell- wall, are afforded by all growing members, and by some 
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specially modified mature members ; the movements of the latter 
are termed movements of variation^ those of the former, Tnovements 
of growth. 

These two kinds of movements can be readily distinguished 
from each other, inasmuch as the movements of variation are 
rapid and can be easily observed, whereas the movements of 
growth are slow and can only be followed by means of special 
apparatus. 

a. Movements of Variation, The majority of the movements of 
variation are induced, a few only being spontaneous. Instances 
of spontaneous movement are afforded by the rising and falling of 
the lateral leaflets of the trifoliolate leaf of Desmodium gyrans, the 
Telegraph-plant ; by the oscillation of the labellum of Megaclinium 
falcatum, an African Orchid ; by the bending upwards and down- 
wards of the gynostemium of Stylidium (Candollea) adnatum 
(see p. 692). It must, however, be pointed out that the power of 
spontaneous movement may be possessed by plants though they do 
not manifest it under ordinary circumstances. Thus the leaves 
of the Sensitive Plant {Mimosa pudica) move spontaneously in 
darkness, but they will not do so in the light. This is also true 
of varioas Leguminossd and Oxalidacese. 

b. Movements of Growth. Before entering upon a description 
of the movements of growth, a clear idea must be formed of what 
growth really is. By growth is meant change of external form, 
which is usually, though not necessarily, accompanied by increase 
in bulk ; the change of form being rendered permanent by the 
deposition of new substance : it is a function of embryonic proto- 
plasm (see p. 16). 

The growth of the plant-body takes place to a greater or less 
extent in all three dimensions, of space. For instance, when it 
takes place equally in all three dimensions, a f^pherical body is 
produced, as in Protococcus and Volvox. Occasionally it takes 
place especially in two dimensions, the result being a flattened 
body, such as a Fern-prothallus or an Ulva. More commonly, 
however, it takes place especially in one direction, so that the 
plant-body assumes an elongated form. An extreme case of this 
is afforded by Spirogyra and other filamentous Algae. It is this 
growth in length which has been more especially studied physio- 
logically, and in what follows, " growth " may ho taken to mean 
" growth in length,** unless there is some definite statement to the 
contraiy. 
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The growth in length of the plant-body takes place at first 
throughout its whole extent ; but at a later period it is limited, as 
a rule, to particular regions (see p. 16). In the growing portion 
of any member two regions may be distinguished : the formative 
region, which is the growing-point proper: and the region of 
elongation adjacent to it. In the formative region the construc- 
tion of the new tissue from plastic substances takes place, as is 
specially manifested in the formation of cell-walls accompany- 
ing the cell-division going on in this region of a multicellular 
growing-point ; but the amount of elongation is slight. In the 
region of elongation, the formative processes have ceased : in 
multicellular plants little or no cell-division takes place in this 
region ; the cells are here fully formed, and they simply require 
to increase in bulk, to grow ix). fact, in order to attain the mature 
form. Beyond the region of elongation comes the portion of the 
member which ha? already ceased to grow. It must be clearly 
understood tha^; ej^ch portion of the growing-point passes through 
these three phases. For instance, in a multicellular apical grow- 
ing-point, each cell is produced in the formative region ; and as in 
consequence of the continued formation of younger cells in front 
of it at the apex, it comes to lie at an increasing distance from 
the apex, it passes through the stage of growth, to become an adult 
tissue-element. 

The movement of growth in length is altogether spontaneous. 
It may be generally descnbed as the travelling of the organic 
apex in a lino which is the continuation of the longitudinal axis 
of the growing member. Both the rate and the direction of 
growth are liable to variation, which may be either spontaneous 
or induced. The induced variations are discussed in § 12, p. 742. 

Variations in the Bate of Growth, The rate of growth of a grow- 
ing member, as also that of each of its constituent cells, is not 
uniform. When a member begins to grow, its rate of growth is 
at first slow ; it then accelerates, until a maximum rapidity is 
attained ; after which it diminishes until growth ceases altogether. 
This gradual rise and fall in the rate of growth, extending over 
the whole of one period of growth, is termed the grand period of 
growth. 

This periodicity is matiifested also in each cell of the growing 
region. A young cell grows but slowly; as it becomes older, 
and is gradually removed from the growing-point, its rate of 
growth increases up to a maximum ; as it becomes still older 
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and is still more remote, the rate of growth sinks, until finally 
the adult stage is reached, and growth ceases. 

Careful observation of growing members has shown that, in 
addition to the spontaneous variation constituting the grand 
period of growth, small irregular variations are constantly taking 
place, which, since thej are apparently spontaneous, are termed 
irregular spontaneous variations. 

Another point which mjast be taken into account is the energy 
of growth ; that is, the relative capacity of different merabei^ for 
growth in length. The differences in the energy of growth in 
growing members manifest themselves in differences either in the 
length of the grand period, or in the rate of growth ; in other 
words, members may grow for a longer or shorter time, or they 
may grow more or less rapidly. In any case the result is that 
members attain different lengths. For instance, it is easy to 
observe that the lower internodes of most stems remain short ; 
that those above them are longer; that 
those of a certain part of the stem are the 
longest ; and that the upper ones again are 
short. In the same way the size of the 
leaves attached to these various parts of 
the stem increases from below to about 
the middle, and then diminishes. 

Variations in the Direction of Growth, 
Although it is true, as stated above, that 
the result of growth is, generally speaking, 
that the apex of the gix)wing member is 
moved onwards in a line which is the con- 
tinuation of the axis of the growing organ ; 
yet, during the actual process of growth, 
this relation of position is not maintainet^ 
because the rate of growth is at no time 
uniform throughout the transverse section 
of the region of elongation. Suppose a 
radial stem rising vertically from the soil ; 
the longitudinal axis of the fully grown 
portion of this stem is vertical, but this is 
not true of the growing portion. If the 
apex be looked down upon from above it will be seen to ti'avel in 
an orbit round the prolongation of the longitudinal axis of the fally 
grown portion, in the manner indicated by the following diagram. 




Fig. 477.— The growing 
primary root of the Pea in 
two stages. A The root is 
marked by lines at equal dis- 
tances. In £ the differences 
in rapidity of growth are 
perceptible : the uppermost 
lines have not been sepa- 
rated; the root has ceased 
to grow here. The lowest 
likewise are still clo»e toge- 
ther; at the growing-point 
i-1 <ngHtion has not taken 
place. In the intermediate 
zone the elongation has been 
very great. 
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Ft a, 478.— Diagrnun illnstrnting nutation of a cylindrical stem, as seen from above: 
N, S, W, E, indicate the points of the compaas. 

The f>mall upper circle divided into ^ef^ments represents an ideal transverse section of 
the natiiting region : the larger circle below represents the orbit of nutation, and the small 
circles upon it represent diil'erent positions of the apex of the stem in its orbit ; the shaded 
segment indicates always the position of one and the same side of the stem; the smal^ 
circle in the centre of the orbit represents the position of the apex of the stem were it nob 
nutating, but w(>re it in a straight line with the older parts which have censed to grow, 
Assnmirg, to begin with, that the rat« of growth is unitbrm in all the segments of the 
elongating region, then the position of the apex will coincide wi&h the small circle in the 
centre; but the growth is not uniform, being more active on one side than on the others, 
say in segment 1 ; then segaaent 4 will he the region of least active growth, and, as a con* 
sequence, the spex of the stem will be displaced southwards till it takes up a position I in 
the orbit ; the wave of rapid growth then travels f i*om segment 1 to segment 2, and the apex 
travels from position I to II in the orbit., and so on, until the apex has completed its orbit 
and returned to position I. It will be observed that the shaded segment always faces the 
same side (south) in all positions in the orbit; nutation is thus not accompanied by 
torsion, that is, by twisting of the member about its own axis. In this case the direction 
of nutation is that of the sun, or of the hands of a watch. 
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la this case, the stem being radlftlly symmetrical, the orbit is 
approximately circular; but in caBes in which the member tends 
to be bilaterally symmetrical, one diameter of the orbit becomes 
proportionally elongated, the orbit being then oval, or elliptic, 
nntil, finally, when the bilateral symmetry is strongly marked, 
the orbit becomes a straight line, the growing-point simply oscil- 
lating from side to side. Whilst the growing-point is travelling . 
in its orbit, it is at the same time being raised npwB,rdB ; so that 
it deacribee a path which is, according to the form of the orbit, a 





omuiu). A ttpregtots (1 
reprflstfnU the poaition nf iho 1 
four baoTB. la A the laavea ar 
actloD ol ths InoideDt rays of li 
recurreclia Yirtae of their iulte 



lion of [be epinasUo growth of tb 



circnlar spiral, an elliptical spiral, or a zig-zag. These changes 
of position are, however, not permanent ; tor example, though the 
growing-point may be travelling npwards in a spiral, the fully- 
grown stem does not resemble a corkscrew, but is straight. 
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These spontaneons changes in position of growing-points are 
designated generally by the term Nutation* 

All growing members nntate in a more or less marked manner ; 
but the most conspicuons instances are afforded by slender strnc- 
tares, such as tendHls, and the internodes of twining stems. 

A pecnliar form of nutation is commonly exhibited by dorsiventral members, 
snch as leaves. In the early stages the one surface of the leaf grows much 
faster than the other, thus leading to certain peculiar forms of vernation and 
lestivation (see p. 60) ; in the later stages the other side grows the faster, and 
so tbe expansion of tbe leaf is brought about. When it is the ventral sur- 
face which is growing the faster, whether along the transverse or the longi- 
tudinal axis of the leaf, it is said to be a case of epinasty (Fig. 479) ; when the 
dorsal surface, it is said to be a case of hyponasty. A striking example is afforded 
by leaves having circinate vernation, as many Ferns, Drosera, etc. ; this form of 
vernation is due to the growth of the leaf being at first longitudinally hypo- 
nastic. The convolute, involute, and conduplicate forms are all the result of 
transverse hyponastic growth in the early stages of development of the leaf, 
whereas the revolute form is the result of transverse epinastic growth. 

§ 12. Irritability (Induced Movements), All parts of plants 
which can exhibit movement are also irritable ; that is, they 
respond to the action of external agents either by a movement or 
by a change in the rate or the direction of their movement. The 
following are the principal causes, or stimuli, of movement, or 
change of movement : — 

a* Mechanical ; contact or pressure ; 
bi Variations of temperature ; 

c. Variations in the intensity of light ; 

d. Changes in the direction of incidence of the rays of light ; 

e. Changes of position with regard to the line of action of 

gravity (vertical) ; 
/. Differences of degree of moisture in the surrounding medium. 

a. Irritahility to Mechanical Stimuli. This form of irritability 
is most strikingly manifested by motile mature members, and less 
markedly by certain growing members. 

Irritability to contact is manifested by the following mature 
motile members : by the leaves of the sensitive plants (see p. 689), 
and by those of Dionaea and Drosera ; by the stamens of Berberis, 
Mahonia, the Cynareas, and the Cistaceas; by the lobes of the 
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stigma of Mimulas, Martjnia, and Bignonia ; and by the style of 
Ooldfussia anisophylla. 

The most familiar case is that of Mimosa pudica, the Sensitive Plant. The 
leaf of this plant is bipinnate, consisting of a primary petiole bearing at its free 
end four secondary petioles, upon which the leaflets or pinnie are inserted (see 
Fig. 472). The primary petiole is articulated to the stem ; each secondary 
petiole to the primary petiole ; aud each pinna to the secondary petiole, by a 
polyinos. When stimulated, the pinnie fold together forwards and upwards : 
the secondary petioles move sideways so as to come closer together and to lie 
almost parallel ; and the primary petiole sinks downwards ; the pulvini act as 
hinges upon which the various parts move. 

It is only a few growing members which i*eact perceptibly to 
mechanical stimulation; such are tendrils, the petioles of leaf- 
climbers (e,g, Tropaeolum, Lophospermum scandetUj Maurandia, 
Solanum jasminoides) , the stem of at least one stem-climber, 
namely that of Cuscata (Dodder), and roots. In these cases the 
contact must be of relatively long duration, becoming, in fact 
pressure. 

It is still a question whether the iutemodes of all stem-climbers may not be 
in some degree sensitive to contact ; bat if so, they are sensitive only to long- 
continued contact. 

The irritability of growing members to mechanical stimulation 
is, however, less marked than that of the mature motile members 
mentioned above. Even in the most sensitive growinj? members, 
such as tendrils, the i*esulting movement is comparatively slow. 
The movement induced in these members is that they tend to 
curve round the object with which they have come into contact. 
The result of this is that fresh portions of the member come into 
contact and are stimulated to curve, so that the member forms 
coils round the object, and thus becomes firmly attached to it. In 
the case of roots^ when the growing-point is more or less injured 
by pressure or othtrwisC} a curvature is induced of such a kind 
that the injured side becomes convex, with the result that the 
growing-point, and consequently the direction of growth, is de- 
flected from the obstacle or other cause of injuiy. 

b. Irritability to Variations of Temperature, Movement, like the 
other functions (see p. 671), is affected by temperature, but this 
influence is not stimulating but tonic : it does not induce move- 
ment, but merely modifies the activity of movement (see p. 760). 
A sudden variation of temperature may, however, act as a stimulus 
and induce a movement. This kind of irritability has been de- 
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tected in Yarious leaves : for instance, a rise of temperature causes 
certain flowers (e.g. Tulip, Crocus) to open, and a fall of tempera- 
ture causes them to close ; similarly a fall of temperature causes 
the leaves of such plants as the Sensitive Plant and the Wood- 
Sorrel (Oxalis Acetosella) to fold up, whereas a rise of temperature 
causes them to expand (see Fig. 471). 

c. Irritability to Variations in the Intensity of Light (Paratonic 
Effect of Light ; p. 674). This is exhibited in a marked manner 
by the majority of motile members, more especially leaves. When, 
for instance, the intensity of the light is diminished, the perianth- 
leaves of many flowers and the foliage-leaves and cotyledons of 
many plants perform movements which are termed nyctiiropic or 
sleep-niovements (see p. 689). Thus, the flowers close ; and the 
foliage- leaves change their position in various ways, assuming 
what is known as the nocturnal position, so that they no longer 
present the surface, but the mai'gin of the blade to the sky. Con- 
versely, when flowers or leaves which have assumed the nocturnal 
position are exposed to light, or to brighter light than before, they 
resume their normal expanded (diurnal) position. 

Another remarkable manifestation of this irritability is that 
movements of variation in some cases, and movements of growth 
in most cases, are retarded or arrested by exposure to light of a 
sufficient intensity. 

In illustration of the effect of light upon movements of varia- 
tion, it may be stated that certain members, such as the leaves 
of the Sensitive Plant, which perform spontaneous movements of 
variation, are unable to do so when exposed to bright light: 
under this condition the leaves become fixed, as it were, in the 
diurnal position. This is not, however, the case with all mature 
motile members : for instance, the movement of the lateral leaf- 
lets of the Telegraph-plant (Desmodium gyrans) continues even in 
bright sunlight. 

The paratonic action of light on movements of growth is 
strikingly exhibited in various ways. It is well demonstrated by 
etiolated plants (see p. 674), that is, by plants which have been kept 
in darkness for some considerable time. A characteristic feature of 
etiolated shoots is the excessive length of their intemodes, as com- 
pared with those of a shoot which has been growing for the same 
period exposed to the normal alternation of day and night. This 
excessive elongation in darkness — which occurs as a rule in all 
radial and isobilateral members which usually grow exposed to 
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light — is the result of the absence of the retarding paratonic action 
of light. 

The exceptions to this rule are the shoots of stem-climbers (Hop, etc.). The 
stems of these plants have, under ordinary conditions, very loog in tern odes ; 
they seem to grow to the utmost even although they are exposed to light, and 
they do not grow to any greater length in darkness. On account of this pecu^ 
liarity they have been termed ** normally etiolated shoots.*' 

The effect of the paratonic action of light can also be estimated 
by direct measurement of the growing member. As the result of 
a great number of comparative measurements, it has been found, 
in regard to members of all kinds, that the rate of growth is more 
rapid in darkness than in light. 

An interesting demonstration of the relation of the rate of 
growth to light, is afforded by the observation of the growth of 
any member at given intervals — every hour, or every two or three 
hours — during an entire day of twenty-four hours. By this means 
it has been ascertained that a growing member exhibits a regular 
daily periodicity in the variations in its rate of growth, which has 
a direct relation to the alternation of day and night. 

A general inspection of the tracings in Fig. 480 shows that the 
rate of growth increases in darkness, and diminishes in the light. 
This is more apparent in the 3-hour than in the 1-hour tracing, 
for the latter is complicated by the registration of the spontaneous 
variations in the rate of growth (see p. 739), whereas the former is 
not, owing to the longer interval between the measurements. 

It will be further noticed that the effect of a change from dark- 
ness to light, or from light to darkness, is not manifested at once ; 
but that after such a change, the rat-e of growth goes on, for a 
time, as it did before, until gradually it altera. In fact, a growing 
member, though kept in continuous darkness, will exhibit a more 
or less well-marked periodicity for several days. This is a good 
instance of the general slowness of reaction which characterises; 
growing members. 

But it must be borne in mind that variations of temperature 
also affect the rate of growth. Hence, since the alternation of 
day and night is accompanied by changes of temperature, the 
forms of the tracings in the figure are not solely due to the influ- 
ence of light, but also to some extent to that of temperature. 
Speaking generally, it may be said that, as the intensity of the 
light diminishes towards evening, the temperature falls. The 
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former condition tends to accelerate growth, but the latter to 
retard it. The aotaal rate of growth is the resnltant of the 
accelei'ation dne to diminislied light, and of the retardation due to 
a falling temperature. Similarly, in the morning, the increasing 
intensity of the light tends to i-ctard growth, whereas the rising 
temperature tends to accelerate it. The actual rate of growth ia 
the resnitant of the retardation dae to increased intensity of light, 
and oF the acceleration dne to a rising temperature. 
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Fie. tSO— (After Bscbt). DliuIntiDg Ibe dkilj ptrloillaity at gnwlh In Icnflh. 
In Fig. 480 there is given a graphic repre«entetion ot t«o complele doily 
periods □( growth as obaeived in a Dahlia-stem. The abscisas ol the base-tine 
represent periods of two bonra, and the diTitioDB of the ordiuBtes repratent nuiti 
ol growth in length. The tr»oin^ marked Ih ia the result of hourly meaBure 
ments of the growing stem; the tracing marked &li is the remit of meaaure- 
ments made every three hours. The variations of temperature have been also 
taken into acoonnt, and are represented by the tracing marked t? : the base-line 
represents 12° R., and Bve ot the dirisions ol (he ordinates represent 1° B. ; it 
will be seen (bat the temperatore varied between about 13. S° B. and IS. 8° U. 
The shaded spaces represent periods of darkness. 



The paratonic action of light t 



9 with its intensity : the more 
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intense the light the more marked the paratonic action. Kxposare 
to very intense light may entirely arreet growth for the time 

It has been fonnd that the different raya of the Hpectram are 
not eqnally active ; the pai'atonic effect of the more highly refran- 
gible rays (violet, indigo, blae) is far greater than that of the 
rays of lower refrangibility (see Fig. 481). 

d. Irritability to the JMrectioit of Incidence of the rays of Light 
(Beliotropitm). This kind of irritability is extremely common, 
and generally manifests itaelf in the moat Btriking manner. The 
most active rays of light are those of high refrangibility (violet, 
indigo, bine). 

A remarkable example of this is afforded by the zooRpores of 
various plants (e.g. TJIathrix, Heematococcas, Botrydinm, etc.). 
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Fis. Wl.— (Altar WlHnri). Carra lllmlTattng tbe relative beliotroplc effect o( rays nr 
ditr^TRit rebuijribllltj. The leuen A—U tn tbe baee-Une Indicate Che pogltion of tbs 
mnra InponaDt linea in the boIbt ipeclmm, The curves I, JI. Ill represeat the il^i^ee of 
DnrvatiiTe.ii'i<lerCheinaaenceaEChe differeat Taya, preeenied bj the Vetcb.tbe Crsss, ami 
Ibo Willow respectively. The cnrve njf repreuBnta the relati™ eifeeC o( the diBewnt raya 
inreiardlnggrOHtb; it ie greatest at v>biu1 least at z. 

When light falls obliqnely npon them, these zoospores arrange 
themselves in the water so that their long axes are parallel to the 
direction of incidence of the raya; this phenomenon is termed Phnto- 
taxis. Moreover, the direotion of their movement is also determined 
by the direction of incidence of the light. They move in the line 
of incidence, hut they may move either towards or away from the 
aonrce of light; the direction depending partly on the intensity oE 
the light, and partly on the degree of irritability of the zoospore. 
When a zoospore moves towards a sonrce of light, it is aaid to be 
poiitively phototactic ; when away from it, negatively phototaclic. 
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Another important case is the change of position of the chlorophyll - 
corpuscles in the cells (see p; 686). 

Motile cellular members, whether mature or growing, are, as a 
rule, sensitive to the directive influence of the incident ravs of 
light. Among mature motile members, foliage-leaves are those 
which most markedly respond to the directive or heliotropic influ- 
ence of light ; among growing members, it is more especially stems 
and leaves which are sensitive, but roots have in many cases been 
found to be so. All these irritable members take up a definite 
position, the light-position (p. 688), with reference to the direction 
of incidence of the rays of light. Members capable of performing 
movements of variation can, if necessary, change their light- 
position, whereas the light-position of other members can only be 
changed so long as they are growing. 

The particular position which the member assumes under the 
heliotropic influence of light, depends upon its organisation. Three 
classes of members, namely the dorsiventral, the isobilateral, and 
the radial, have therefore to be considered. 

It may be generally stated of dorsiventral members, that, for a 
certain mean intensity of light, their light-position is such that 
the morphologically upper (ventral) surface is directed towards 
the source of light, and lies in a plane perpendicular to the 
direction of incidence of the rays : that is, they are diaheliotropic. 

It must, however, be borne in mind that the position of dorsiventral mem- 
bers with regard to light may not, in nature, always be found to be exactly that 
described above, because other directive influences are in operation which 
interfere with the effect of light. When, by appropriate arrangements, the 
effect of the other influences is removed, and light alone is acting, the truth of 
the above statement will be demonstrated. 

The case of motile foliage-leaves may be taken first in illustra- 
tion, such as those of the Sensitive Plant, Bobinia, Scarlet Runner, 
etc. When these leaves are exposed to light of sufficient intensity 
to cause them to assume the diurnal position (see p. 689), their 
upper (ventral) surfaces are at right angles to the direction of 
incidence of the rays. If, on the one hand, the light to which 
they are exposed becomes less intense than this, they will manifest 
no sensibility to its direction of incidence, but will merely assume 
the nocturnal position. If, on the other hand, the light becomes 
more intense, then the leaves will alter their position so that the 
blades will present their edge, instead of their ventral surfaoe, to 
the incident rays (paraheliotropism, see p. 689). 
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In the case of foliage-leaves and other dorsi ventral members 
which cannot execate movements of variation, the light-position is 
assumed in the course of development, and is fixed. Since it 
cannot be altered in relation to variations in the intensity of the 
incident rajrs, the position assumed is determined by the most 
frequent direction of incidence of the rays of suitable intensity. 
For instance, the fixed light-position of the foliage -leaves of plants 
growing free in the open, is usually not such thafe the ventral 
surface is horizontal, facing the zenith ; but such that it is directed 
towards that quarter of the sky from which, not the brightest 
sunlight, but the brightest diffuse daylight, falls perpendicularly 
upon it. In fact, it is not unusual to find that the fixed light- 
position of leaves, when the light is of high average intensity, is 
such that the surfaces are vertical, so that the margin is pre- 
sented to the zenith. Under these circumstances both surfaces 
are equally exposed to light, and the structure of the leaf becomes 
more or less isobilateral (see pp. 164, 686). 

A most remarkable instance of a fixed light-position with vertical surfaces, 
is* afforded by the so called ** Compass-plauts,*' Silphium laciniatum, and 
Lactuca Scariola. The surfaces of the leaves of these plants are not only 
vertical when fully exposed to bright light, but they place themselves in a 
vertical plane which more or less nearly coincides with the meridian of the 
locality, the surfaces of the leaves facing east and west. It is this relation of 
the fixed light-positioo of the leaves to the points of the compass which sug- 
gested the name ** Compass-plants." 

The fact that the ultimate position of dorsiventral leaves is 
mainly determined by light, is demonstrated by removing them — 
whilst still growing, and therefore capable of a change of posi- 
tion — from its influence. In darkness these leaves take up an 
altogether different position (see Fig. 479), becoming curved in 
various ways; when again exposed to light they resume their 
previous diaheliotropic position. 

With reference now to radial members, it may be generally 
stated that the essential feature of their response to the directive 
influence of light is that they tend to place their long axes in the 
direction of incidence of the brightest light falling upon them. 
Whereas in the case of dorsiventral members the important point 
is the relation of the morphologically upper surface to the direction 
of the incident rays ; in the ease of radial members the important 
point is the relation of the long axis to the direction of the incident 
rays. 
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An exact coincidence between the direction of the long axis of the member 
and that of the incident rays is, however, not always attained in nature, on 
account of the antagonistic action of other directive influences. This point is 
more fully discussed on p. 757. 

It ransfc be mentioned that, inasmuch as there are no radial 
members which are both helio tropically irritable and capable of 
performing movements of variation, all that is here said refers to 
growing radial members. 

In illustration, the case of a radial member which has been 
grown in the dark may be taken, and it may be assumed to 
be vertical. Light is allowed to fall upon it from one side ; the 
effect is a gradual curvature of the member, as it continues to 
grow, 80 that its long axis comes to coincide more or less nearly 
with the direction of the incident rays. 

But the curvature may be in one of two directions ; it may be 
either such that the apex of the member comes to point towards 
the source of light, or such that it points in the opposite direction. 
When the former is the case the member is said to be positively 
heliotropic ; when the. latter, it is said to be negatively helioiropic. 

The nature of the curvature, whether positive or negative, 
depends upon the specific irritability of the member. Thus, gene- 
rally speaking, primary shoots, including such forms as the stems 
of Chara and Nitella, the peduncles of flowers, the stipes of the 
larger Fungi, and the gonidiophores of Moulds, as also radial 
leaves such as those of the Onion, are positively heliotropic. 
Negative heliotropism has been observed in many roots, especially 
aerial roots, and in the root-hairs of Marchantia. With regard to 
shoots, the hypocotyl of Viscum, the Mistletoe, is negatively helio- 
tropic. 

Although the relation between the external symmetry of the 
member and its heliotropic irritability is generally that indicated 
above, yet there are exceptions : all dorsiventral members are dia- 
heliotropic ; but not all radial members are positively or negatively 
heliotropic, for some of them are diaheliotropic. It seems that 
continual exposure to intense light falling on one side induces at 
least physiological dorsiventrality in some radial members (e.g. 
shoots of Ivy and TropsBolum). 

It is frequently stated that exposure to intense light causes a reversal of 
heliotropic properties in radial members ; for instance, that a shoot which is 
positively heliotropic in moderately intense light becomes negatively heliotropic 
in very intense light. The true explanation of such cases is probably this, that 



CHAPTER III.— SPECIAL PHYSIOLOGY OF MOVEMENT. 761 

nnder the influenoe of intense unilateral illumination, the radial organ becomes 
physiologically dorsiventral ; it is then diaheliotropic {not negatively helio- 
tropic) in place of being positively heliotropic, and any curvature which it may 
present is due to epinasty or hyponasty. 

The flattened, typically isobilateral, leaves of various Monocoty'- 
ledons, such as those of Iris, appear to be positively heliotropic. 

€. IrriUiblUty to the Directive Influence of Gravity (Geotropism) , 

The effects of the stimulating directive action of gravity must 
be clearly distinguished from those which are due to the mere 
weight of the parts. It is only the former which are referred to 
by the term geotropism. The geotropic curvatures are effected 
with considerable force, and will take place even against consider- 
able resistance ; for instance, it has been observed that the pri- 
mary roots of seedlings will curve downward into mercury. 

Geotropic irritability is manifested by various members, such as 
stems, leaves, and roots. The phenomena of geotropism in the 
three categories of members, the dorsiventral, the radial, and the 
isobilateral, will now be studied. 

With regard to dorsiventral members, it appears that many 
leaves, both growing and motile, lateral shoots of Conifers and of 
many dicotyledonous shrubs, runners, etc., which are dorsiventral, 
take up such a position, when acted upon solely by gravity, that 
their longitudinal axis is horizontal — that is, at right angles to the 
line of action of gravity, the vertical — and that their morphologi- 
cally superior surface is directed upwards. If these members are 
moved out of this position so that their long axis is not horizontal, 
they curve until it is so ; or if they be so moved that the nor- 
mally upper surface faces downwards, they twist until it faces up- 
wards. These members behave in respect to the line of action of 
gravity jjist as they do to the direction of the incident rays of 
light. They are diageotropic, just as tbey are diaheliotropic. 

It is a familiar fact that at all points of the earth's surface typi- 
cal radial members, such as primary shoots and roots, grow with 
their long axis vertical, but with this difference, that the direction 
of growth of the primary shoots is away from the centre of the 
earth, whereas that of the primary roots is towai'ds the centre of 
the earth. It can be readily demonstrated (by Knight's machine. 
Fig. 483) that this vertical direction of growth is due to the force 
of gravity, that it is, in fact, a phenomenon of geotropism. But 
the effect produced is precisely opposite in the two cases ; primary 
shoots grow in a direction opposed to that of the action of gravity, 

V. s. B. 3 c 
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thej are negatively geotrapic ; primary roots grow in the same direc- 
tion as that of the action of gravity, they are positively geotropic. 

If these members be moved 
out of their normal position, 
they will return to it by 
performing geotropic cur- 
vature. 

The principle of Enigbt's ma- 
chine is to expose growing plants 
to the action of centrifugal force, 

FiG.482.-G«,tropiccurvtureofPf.«eedling ®i*^«' »*°°« (Fig. 433 ^) or to- 

pUced horizontally. The thicker ouiliue indicates gether with gravity (.4). The 

the ori;arinal posiiious of ihe primary shoot and object of it is to demonstrate 

root ; the shoot t has curred upwards in the that gravity is the directive force 

course of iu growth, the root * has carved ^j^^^ determines the relative 

downwards. The bud at the apex of the shoot •.. . • .i . i 

is nutating. directions of growth of shoots 

and roots ; the line of reasoning 
being, that if the direction of growth of roots and shoots can be affected by a 
known physical force, such as the centrifugal force of a rapidly rotating wheel, in 
a manner analogous to that observable in nature, it may be concluded that the 
natural direction of growth of these members is the result of the action of a 
physical force, and this force is doubtless that of gravity. In Fig. A^ the seed- 
lings have been grown on a rapidly rotating horizontal wheel, and exposed 
consequently to the action both of gravity and of centrifugal force : the result 
is, that the primary roots and shoots still grow in diametrically opposite direc- 
tions, bat the line of growth is not vertical, as in nature, but oblique ; hence it 
follows that the direction of growth of both root and shoot has been affected by 
the centrifugal force. In B, the seedlings have been grown on a rapidly rota- 
ting vertical wheel : in consequence of the continuous change in position with 
regard to the vertical, it is obvious that, in this experiment, the directive action 
of gravity is eliminated, for all parts of the seedlings are acted upon by gravity 
for successive equal times in opposite directions : the only force in action is the 
centrifugal force, with the result that the primary roots have grown towards 
the centre of the wheel, in a direction contrary to that of the line of action of 
the centrifugal force, whilst the primary shoots have grown outwards, away 
from the centre of the wheel, in the same direction as the action of the centri- 
fugal force. It is clear from these facts (1) that a purely physical force can 
determine the direction of growth of roots and shoots : (2) that the physical 
force employed (centrifugal force) affects primary roots and shoots in a precisely 
contrary manner : and it may be concluded that since the phenomena produced 
by the action of centrifugal force in these experiments are quite analogous to 
those observable in natare, the cause of the natural phenomena is also a purely 
physical force, and the force of gravity is the one which meets all the necessary 
conditions. 

Another mode of experimental proof is by means of a machine termed a 
QlinostaL This machine differs from Knight's machine in that the rotation of 
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the plant is very slow, so that no centrifugal force is set up. The principle of 
it is that, by slowly rotating a plant by means of a vertical wheel either" (as in 
Fig. 483 B) with the long axis of the plant in the plane of the wheel, or with the 




TiGt. 483 (after Knight).— Diagrams illastrating experiments with Knight's machine. A 
Wheel rotating horizontally on a vertical axis; B, wheel rotating vertically on a horizontal 



axis. 
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long axis of the plant perpendicular to the plane of the wheel, each part is ex- 
posed for successive equal times to the action of gravity in precisely opposite 
directions, so that the directive action of gravity neutralises itself. The result 
is that a stem or root with its long axis horizontal remains perfectly straight 
when rotated on the clinostat, provided that other disturbing influences (light, 
etc.) are excluded ; and the fact that the empirical results given by the machine 
exactly correspond to what would be theoretically anticipated on the hypothesis 
that gravity is the active directive force in geotropic curvature, is strong con- 
firmatory evidence of the conclusions to be drawn from experiments with 
Knight's machine. 

The geotropic influence of gravity is greatest when the radial 
member is in a horizontal position; that is, the curvature into the 
normal position then takes place with the greatest rapidity. But 
the visible effect is the more marked, the further the member is 
removed from its normal position ; for instance, when a primary 
shoot is turned upside down, a curvature of 180° has to be per- 
formed in order that the apex may again point upwards. 

In addition to the primary shoots of seedlings, the following radial members 
are negatively geotropic ; the stipes of Mushrooms, the gonidiophores of Moulds, 
the stems of CharacesB, the stalks of the receptacles of Liverworts, the peduncles 
of many flowers, tbe setsB of Mosses, etc. Also isobilateral leaves, such as those 
of Iris ; when placed horizontally in darkness, whether flat or edgeways, they 
curve upwards. 

In addition to the primary roots of seedlings, the following radial members 
are positively geotropic ; the hypbae of Fungi which penetrate into the sub- 
stratum, the root- like filaments of Vaucheria, and other Algae, the rhizoids of 
MuscinesB, the rhizomes of Yucca filamentosa and of Cordyline ruhra^ etc. 

An instance of the absence of geotropic irritability in a growing member is 
afforded by the hypoootyl of the Mistletoe. 

The degree of geotropic irritability is not the same in all radial 
members. It may be generally stated that the lateral branches 
both of shoots and roots are less irritable than primary shoots and 
roots. For instance, the secondary branches of roots grow, not 
vertically downwards, but obliquely outwards and downwards, in 
the soil. 

All radial members are not, however, either positively or nega- 
tively geotropic ; some, such as the rhizomes of Heliocharis palustris, 
Sparganium ramosum, and Scirpus maritimtis, are diageotropic. 

It has been observed in some cases that the nature of the geo- 
tropic irritability of a member may change in the course of its 
development. For instance, the peduncle of the Poppy is posi- 
tively geotropic whilst the flower is in the bud, but negatively 
geotropic during flowering and fruiting. Again, the flowers of 
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the Daffodil are negatively geotropic when in the bud, but they 
become diageotropic as they open. 

/. Imtahility to Differences in the degree of Moisture in the sur- 
rounding Medium (Hydrotropism), 

Irritability of this kind is especially characteristic of earth-roots 
which possess it in a high degree. It can be readily demon- 
strated by a well-known experiment. Peas or Beans are made to 
germinate in a sieve full of damp sawdust, the sieve being sus- 
pended in a slanting position. The primary roots grow down- 
wards through the sawdust, and escape into the air (which is 
kept moist). At first they grow vertically downwards in conse- 
quence of their positive geotropism, but they soon curve up- 
wards towards the moist surface. They do this in virtue of their 
hydi-otropic irritability, and it is clear that they are positively 
hydrotropic. 

g. Irritability of other kinds. It has been ascertained by experi- 
ment that members of various kinds may be stimulated to curva- 
turer by other causes, such as differences of temperature on the 
two sides, galvanic currents, the flowing of currents of water, and 
by the presentation of various chemical substances; but these 
various phenomena are not of such immediate importance to the 
well-being of the plant as those which have been described above 
in detail. 

The stimulating action of certain chemical substances {ch&mio- 
taxis) is, however, of some importance in connexion with the 
reproductive processes. It had been frequently observed that the 
motile male cells (spermatozoids) of plants possessing them 
appeared to be attracted to the female organ, fertilisation being 
thus ensured, but the cause of this has only recently been as- 
certained, and only in certain cases. It appears that the female 
organ, when it is fit for fertilisation, excretes into the surround- 
ing water a substance which attracts the male cells. In Ferns 
and Selaginella this substance is a compound of malic acid ; in 
Mosses it is cane-sugar. 

§ 13. Localisation of Irritability. Among members which 
perform movements of variation, there are many instances of well- 
defined localisation of irritability. Thus, in the Sensitive Plant, 
no movement ensues when the upper side of the pulvinus of the 
primary petiole is touched, but only when the sensitive hairs on 
the under side of the pulvinus are touched ; and, in the leaflets, 
it is the upper side of the pulvinus which is sensitive. In Drosera, 
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the irritability of the tentacles is localised in the terminal gland. 
In DionsBa, movement only ensues when the irHtable hairs on the 
npper surface of the leaf are touched. 

Among growing organs, tendrils offer well-marked localisation 
of irritability. In most tendrils the lower or basal part is either 
not at all sensitive, or is sensitive only to prolonged contact. 
Most tendrils have their tips slightly hooked, and their irritability 
is localised in the concavity of this curvature. The tendrils of 
Coboea scandens and of Ciss^is discolor are irritable on all sides ; in 
those of Mntisia the inferior and lateral surfaces are irritable, but 
not the superior. The irritability of the root to the pressure of 
obstacles (see pp. 683, 743) is localised in the tip. 

The foregoing examples sufficiently prove the localisation of 
irritability to mechanical stimulation : and the question arises 
whether or not irritability to other stimuli is also localised. It 
has been ascertained that this is the case, in connexion with 
heliotropism and geotropism, at least in certain plants. Thus, the 
heliotropic irritability (i.e. sensitiveness to the directive influence 
of light) of the cotyledons of certain Grasses, though not abso- 
lutely confined to the tip, has been found to reside especially in 
that part, and the same is the case with the primary shoot of 
many dicotyledonous seedlings and with young shoots of various 
plants. The geotropic irritability of roots also resides in the tip, 
and this appears to be also true of other members. 

§ 14. Transmission of Stimuli. The most striking instances 
of this are offered by motile leaves, such as those of the Sensitive 
plant and of Drosera. If the terminal pair of leaflets of a pinna 
of the leaf of the Sensitive Plant be irritated, not only will they 
fold up, but each of the other pail's of leaflets of the same pinna 
will fold up in succession ; if the stimulus is sufficiently strong, 
its effect may extend to other pinnae causing their leaflets to fold 
up, or to the secondary petioles causing them to converge, or even 
to the main petiole which then sinks downward (see Fig. 472). 
Stimulation of one leaf, if sufficiently powerful, will cause move- 
ment in another. In the case of Drosera, stimulation of the central 
tentacles of a leaf causes the inflexion of the marginal tentacles. 

In so far as heliotropic and geotropic irritability is localised in 
the tips of growing members, these must also afford instances of 
transmission of stimuli. The stimulus acts upon the irritable tip, 
and the impulse is transmitted to the region in which the curva- 
ture takes place. 
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The means bj whicli stimuli are transmitted is a matter which 
is still under discussion ; but it appears that the means of trans- 
mission is not the same in all cases. Whilst in some, such as 
tendrils and the leaves of Drosera, the stimulus is probably trans- 
mitted by means of the delicate protoplasmic filaments which con- 
nect the protoplasm of adjacent cells (see p. 91) ; in others, for 
instance Mimosa pudica, the stimulus is transmitted as a dis« 
turbance of the hydrostatic equilibrium of the cells : it would, in 
fact, appear that whilst the former means of transmission suffices 
for a short distance, the latter is necessary when the distance to 
be traversed is considerable. In Mimosa pudica there appears to 
be a special tissue along which the stimulus is conducted : it be- 
longs to the bast, and consists of large elongated cells with pitted 
cellulose walls. 

The Latent Period. It has been observed, more especially with 
regard to the heliotropio and other curvatures of radial growing 
organs, that the curvature does not become apparent for some con- 
siderable time after the stimulus has begun to act. This interval 
is the Latent Period, For instance, it has been ascertained that 
the primary shoots of Bean-seedlings do not begin to curve helio- 
tropically for two hours after an exposure of one hour to unilateral 
illumination. 

When, however, the stimulus to curvature has acted for a 
sufficient time, the curvature will eventually take place even 
though the stimulus has ceased to act : the conditions of curvature 
have been induced, that is, even before the curvature can be> 
observed. 

In explanation, it may be suggested that, in growing members,, 
the stimulus is conveyed but slowly from the seat of irritability 
to the seat of curvature ; and it is obvious that the curvature of a 
growing cellular member is a process which, on mechanical grounds 
in relation with the rate of growth, cannot be effected rapidly. 

§ 15. Combined Effects of different Stimuli. Inasmuch 

as it is commonly the case that the motile members, whether 
growing or mature, are irritable to stimuli of various kinds, it is 
clear that the assumption by them of any particular position is 
the resultant effect of the stimuli which may be acting simul- 
taneously. The phenomena in question are strikingly manifested 
by growing members, and it is to these that the following account 
especially refers. 

According to the position assumed in the course of their growth 
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under the influence of various external directive influences, plant- 
members may be conveniently classified into those which have 
their long axis vertical, and those which have their long axis 
oblique or horizontal, the former are distinguished as orthotropiCy 
the latter as plaglotropic. Most radial and isobilateral members 
are orthotropic; all dorsiventral, and some radial members are 
plagiotropic. For instance, radial primary shoots and roots are 
orthotropic; all dorsiventral leaves, etc., are plagiotropic; lateral 
branches of shoots and roots, even though radial, are plagiotropic. 

The directive influences which mainly determine the direction 
of growth of radial primary shoots are gravity and the direction 
of the incident rays of light, and the shoots themselves are nega- 
tively geotropic and positively heliotropic. If only the conditions 
are such that each side of the shoot receives an equal amount of 
light, as when the plant grows quite in the open, no heliotropic 
curvature takes place, and the shoot grows erect. But when one 
side of the plant is shaded, as when it grows by the side of a hedge, 
the shoot in most cases curves heliotropically out of the vertical. 
This curvature is the resultant effect of the negative geotix>pism 
of the shoot which tends to keep it straight, and its positive helio- 
tropism which tends to make it curve more than it actually does. 
Unilateral illumination usually causes some degree of curvature 
in shoots, because, as a rule, their heliotropic irritability is higher 
than their geotropic irritability. Exceptions to this rule have 
been found in the inflorescences of Verbascum and Dipsacus, 
which remain erect even when one side is shaded. 

Similarly, the influences which ordinarily determine the direc- 
tion of growth of radial primary roots, are gravity and the distri- 
bution of moisture in the soil. If the soil is uniformly moist, the 
root grows vertically downwards under the influence of gravity ; 
but if the soil is not uniformly moist, the root will curve out of 
the vertical towards the moister area, because its hydrotropic is 
greater than its geotropic irritability. 

The conditions which determine the plagiotropic position of 
most radial lateral branches of shoots are these : they are nega- 
tively geotropic, and they are diaheliotropic, at least in intense 
light. In darkness they grow erect, in virtue of their negative 
geotropism. Some radial subteiranean rhizomes are, however, dia- 
geotropic (see p. 754). The oblique growth of lateral roots is 
simply due to their feeble geotropic irritability. 

The conditions which determine the plagiotropic position of 
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dorsiventral members are these : they are both diageotropic and 
diaheliotropic. Bnt inasmuch as their heliotropic is higher than 
their geotropic irritability, their nltimate position is that in which 
the incident rays of appropriate intensity fall nearly or exactly 
at right angles npon the npper surface. 

It will be observed that, as a rule, in growing members which 
are heliotropically irritable, this irntability is higher than any 
other ; consequently the ultimate position assumed by the mem- 
ber is mainly determined by the direction of the incident rays of 
light, and it is termed, therefore, a light-position (see p. 748), 
although other directive influences may have contributed to its 
assumption. 

The most remarkable case of combined effects is afforded by the 
growth of twining stems. A twining stem, at its first develop- 
ment, is straight, but after it has come to consist of two or three 
internodes its apex hangs over to one side, for the stem is not 
sufficiently rigid to support its own weight. It then exhibits cir- 
cnmnutation in a marked manner. If once it comes into contact 
with a more or less vertical support of appropriate thickness, it 
twines round it. 

The analysis of the phenomenon of twining is still a matter of 
discussion. The main facts are the following. Twining stems are 
strongly negatively geotropic ; this is proved by the fact that they 
will not twine round very oblique or horizontal supports. Again, 
contact with a support interferes mechanically with the circumnu- 
tation of the stem, and causes it to take place in an orbit of which 
the support is the axis. Finally, a twining stem usually undergoes 
torsion, that is, a twisting about its own axis, and this has been 
suggested as an essential factor in the process of twining ; but there 
is not evidence to support this suggestion. 

The commonly accepted explanation of twining is that it is 
due to the negative geotropism of the stem, combined with its cir- 
cumnutation modified by contact with the support ; but it is 
doubtful if this explanation is adequate. It has been suggested, 
with some show of reason, that twining stems are irritable, like 
tendrils, though in a less degree, to continuous contact with a sup- 
port. It is admitted that the stem of the Dodder (see pp. 685, 
743) is thus irritable. If this be so, then the irritability of twining 
stems is the most important factor in the process. 

In order to investigate independently the degree and the kind of geotropic 
and heliotropic irritability of a member, it is necessary to be able to exclude 
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the directive influence of light and of gravity. The influence of light can be 
easily elimated by performing the experiments in darkness, or by rotating the 
plant 80 that each part of the member under observation is exposed for equal 
lengths of time to rays of light falling upon it in all directions, so that the helio- 
tropic effect is the same on all sides, and no curvature is produced. The influ- 
ence of gravity can likewise be eliminated by slowly rotating the plant, so that 
each side of the organ is placed for equal times successively in all possible 
positions with respect to the vertical ; the geotropio efifect is therefore the 
same on all sides, and no curvature is produced. The instrument used for this 
purpose is the clinostat (see p. 752). 

§ 16. Conditions of Movement. Inasmuch as the move- 
ments under consideration are vital, they can only take place 
when the external conditions are favourable to the life of the 
plant. The following conditions are essential ; a moderate tem- 
perature, extremes of heat and cold arrest movement ; a supply of 
water, all movements are arrested by drought ; a supply of free 
oxygen, in the case of aerobiotic plants (p. 722) ; and, in some 
cases, exposure to light of a certain intensity. 

The importance of exposure to light as a condition of movemen^t 
requires special consideration. It has been ascertained to be 
essential to movements of the most difiPerent kind. For instance, 
a Bacterium (Bacterium photometricum) has been found to be 
motile only when exposed to light. Again, various movements of 
variation, such as those of the foliage-leaves of Mimosa, etc., do 
not take place unless the plant either is, or recently has been, 
exposed to light. But the most important case is the arrest 
of growth of dorsiventral members when kept in darkness. For 
example, if a potato-taber sprouts in a dark chamber, the produced 
shoots have excessively elongated internodes (see p. 674), but very 
small leaves ; the growth of the leaves is arrested in darkness. 
On the other hand, intense light retards movement (e,g. its action 
on growth) or altogether arrests it (e,g. arrest of spontaneous 
movement of the leaves of the Sensitive Plant). 

What is exactly the influence of light in promoting movement 
is not understood, but it is termed the phototonic influence (p. 
674:) : it induces, that is, a particular condition, the condition of 
phototonus, in the protoplasm, without which movement is im- 
possible. It appears that the rays of low refrangibility (red- 
yellow) are most favourable for the phototonic condition. 

Irritability also depends upon the above essential conditions : 
in fact, induced movements are more rapidly arrested by un- 
favourable conditions than are spontaneous movements. For 
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instance, when a Sensitive Plant is kept in continnons darkness, 
the leaves first lose their power of responding to stimuli, and 
later their spontaneous movements cease. 

Irritability may also be abolished by special means. For in- 
stance, exposure to the vapour of chloroform or ether destroys the 
irritability of the leaves of the Sensitive Plant. Again, it may be 
abolished by repeated stimulation, the interval between the stimu- 
lations being very short. This has been observed in the case of 
the leaves of the Sensitive Plant and of Dionaea. 

§ 17. Mechanism of the Movements. The ultimate factor 
in the mechanism of the vital movements of plants, whether spon- 
taneous or induced, is the motility of the protoplasm (see p. 670). 

Though the intimate mechanism of the motility of protoplasm 
is not fully understood, yet a consideration of the mechanism of 
the movements described above will be instructive. With regard 
to the streaming movement of the protoplasm, it is probably due 
to wave-like contractions and expansions of the protoplasm. The 
mechanism of the movements of the contractile vacuoles appears 
to be this : the systole of the vacuole is due to the sudden active 
contraction of the protoplasm, the contained liquid being expelled; 
the diastole, to the active bat gradual expansion of the protoplasm, 
the cavity of the vacuole, as it enlarges, being filled with liquid. 
The protrusion and retraction of pseudo podia in amoeboid move- 
ment may be accounted for in the same way ; the protrusion is 
probably analogous to the diastole of the contractile vacuole, the 
retraction to the systole. A similar explanation may be offered 
of ciliary movement. 

The movements of cellular members take place in a definite 
region, which may be distinguished as the motile region ; this is, 
in growing members, the region of elongation (see p. 738) ; and, in 
mature members, is a more or less well-marked region of motile 
tissue which may constitute a distinct motile organ (e.g. pulvinus 
of a motile leaf). The movements depend essentially upon varia- 
tions in bulk of the cells, and these, in turn, upon variations in 
turgidity (see p. 668). It is clear that if the turgidity, that is 
the hydrostatic pressure of the cell-contents, increases, the cell 
will expand provided that the wall be extensible ; and conversely, 
that if the turgidity diminishes, the cell will shrink, provided the 
wall be elastic. Movement can only take place when the cell- 
walls possess these physical properties : hence, the pulvinus of 
mature motile leaves consists mainly of parenchymatous cells with 
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uxili^niBed walls, the lifj^ified tissue being reduced as much as 
possible : similarly, in the elongating region of growing-members 
the cell-walls are thin and anlignified. But whilst the movements 
of variation (p. 737) are the result of a sudden loss of turgidity, 
which is either spontaneous or the effect of stimulatiouj the move- 
ment of growth depends upon the maintenance of turgidity, and 
the variations in the rate of growth (see p. 738) are the expression 
of variations in the degree of turgidity. 

Brief allusion may bere be made to the controversy as to tbe mechanics of 
growth of the cell-wall. The two conflicting theories are (1) tbe tbeory of 
intuMsviceptiorit according to which the growth of the cell-wall is due to the 
intercalation of new particles (micellae) of solid substance between the already 
existing particles of the wall ; and (2) the theory of appontion, according to 
which the growth of the cell-wall is due to the repeated deposition of layers of 
substance on the internal surface of the original wall. Neither of these theories 
gives a completely satisfactory explanation of all the phenomena of growth of 
the cell-wall, nor are they mutually exclnsive. It seems that the growth in 
suiface of the cell- wall can be most satisfactorily explained on the intussus- 
ception-theory, and the growth in thickness on the apposition-theory. Both 
theories, as generally stated, seem to involve the assumption that the growth in 
surface of the cell-wall is dependent upon the turgidity of the cell : but this 
assumption is not necessary to the intussusception-theory, and it is probably 
even inadmissible. 

The following instances will serve to illustrate the foregoing 
considerations. 

A simple case is offered by the induced movement of the stamens 
of the CynaresB (p. 692). When at rest, the cells of the filaments 
are expanded in the direction of their length, and are turgid ; on 
stimulation, the cells suddenly shorten and become flaccid, having 
lost a portion of their cell-sap. The expanded state is regained by 
the gradual expansion of the cells, turgidity being restored by the 
absorption of water. 

In the foregoing case, all the cells of the motile portion are 
affected ; but in many cases some only of the cells are affected. 
Thus, in the case of the leaf of the Sensitive Plant, the primary 
petiole, when at rest, stands out nearly at right angles to the stem 
(Fig. 472, p. 690) : on stimulation, it sinks downwards so as to 
form an acute angle with the internode below its insertion. The 
mechanism is this : when at rest, the cells of the pulvinus are all 
turgid, and they support the petiole in its normal position : on 
stimulation, the cells of the lower portion of the pulvinns lose 
their turgidity, water escaping from them into the intercellular 
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spaces ; these cells, being flaccid, are unable to connteract the 
downward pressure of the still turgid cells of the upper half of the 
pulvinus, and to support the weight of the leaf ; consequently the 
primary petiole sinks downwards. The same mechanism obtains 
in the movements of the leaflets and of the secondary petioles ; the 
only difference being that, in the pulvinus of a leaflet, it is the 
cells of the upper half of the pulvinus which lose their turgidity 
on stimulation, so the leaflet is raised upwards ; and, in the pul- 
vinus of the secondary petiole, it is the cells of the inner half 
which lose their turgidity, so the secondary petioles approach the 
middle line. This account is also applicable to all side-to-side 
movements, such as that of the leaf of Dioneea, and that of the 
stamens of Berberis and Mahonia. 

The heliotropic or other curvatures taking place in the elonga- 
ting region of growing cellular members, are due to the shortening 
of the cells on the side becoming concave, and to the elongation of 
the cells on the side becoming convex. The mechanism of the 
curvatui'e seems to depend in this case not so much upon a differ- 
ence of turgidity between the cells of the two sides as upon a 
difference in its effect : whereas turgidity induces the usual longi- 
tudinal elongation of the cells of the convex side, it induces longi- 
tudinal shortening in the cells of the concave side in consequence 
of extension in the other dimensions. 

Turgidity is then the main factor in the mechanism of the move- 
ments of cellular members ; its mechanical importance is further 
strikingly illustrated by the great rigidity of turgid members, and 
by the great force, equivalent in same cases to twenty times the 
atmospheric pressure, which they develope in opposition to ex- 
ternal resistance, as when the roots of trees cause the splitting of 
walls or of pavements. Although one essential factor in turgidity 
(see p. 668) is the purely physical osmotic activity of substances 
in the cell-sap, it must not be forgotten that it also depends upon 
the resistance offered by the protoplasm to filtration under pres- 
sure : so that the maintenance of turgidity is after all a vital act. 
The maintenance of turgidity appears, in fact, to depend upon a 
certain state of molecular aggregation of the protoplasm lining 
the cell-wall, in which it offers resistance to the escape of the 
cell-sap ; whereas in the flaccid condition the state of molecular 
aggregation of the protoplasm is such that it readily permits the 
escape of the cell-sap under the elastic pressure of the cell- wall. 

Whilst the fundamental mechanism of the movement of mature 
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motile members and that of growing members is essentially the 
same, there is this secondary difference between the two cases. 
The change of position which is the resnlt of the movement of 
mature members, is reversible ; they can return to their former 
position : the change of position, curvatnre for instance, of growing 
members is reversible only so long as it has not been rendered 
permanent by actnal deposition of substance. Thus the changes of 
position due to the natation (p. 741) of growing members are only 
temporary, for they are of brief duration ; but changes of position 
due to some directive influence acting for a considerable time 
become permanent, for instance, the light- positions (p. 74:8) assumed 
by growing members. 

The general conclusion to be drawn from the consideration of 
the phenomena of movement is that motile protoplasm may be in 
one of two states of aggregation ; either in the state of expansion, 
or in the state of contraction ; and that it is capable of passing from 
the one state to the other : in fact the term *' motility " simply 
means the property in virtue of which the protoplasm can change 
its state of aggregation. In the case of cellular members, the 
state of expansion is that in which the protoplasm is impermeable 
to the cell-cap, and the cell is turgid; whereas the state of con- 
traction is that in which the protoplasm is permeable to the cell- 
sap, and the cell is consequently flaccid. The state of expansion 
may be regarded as the normal condition : the state of contraction 
is a more or less sudden deviation from this condition, the result 
of the notion of internal or external causes; of internal causes, as 
in the case of the spontaneous movements; of external causes, as 
in tlie case of the induced movements. 

This account of the mechanism of the movement of cellular members applies 
equally to the production of the root-pressure (see p. 701) and to the opening 
and closing of the stomata (see p. 698). 

The ultimate point to be considered is the conception to be 
formed as to the nature of the change of state of the protoplasm. 
It has been ascertained that, in the more striking cases of induced 
movements, such as those of the leaves of the Sensitive Plant, the 
passage from the state of expansion to that of contraction is accom- 
panied by a rise of temperature, and by certain electrical phe- 
nomena : this indicates that it is intimately connected with some 
catabolic process. It appears probable that the rapid passage 
from the expanded to the contracted state is determined by the 
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sudden explosive decomposition of some complex substance. In 
the spontaneous or automatic movements, the decomposition takes 
place spontaneously ; in the induced movements, the decom- 
position is determined by the action of the stimulus. Though the 
phenomena in question have only been observed in cases in which 
the contraction is sudden and violent, yet the explanation is 
applicable to all cases of contraction. It appears, therefore, that 
all movements associated with contraction are attended by a 
dissipation of energy in the form of heat and electricity. During 
the gradual resumption of the expanded condition, a process of 
anabolism probably goes on which leads to the formation of a fresh 
quantity of the decomposable substance, in consequence of which 
the protoplasm again becomes irritable and capable of performing 
another movement. 

The effect of various external conditions, such as exposure to 
light, long-continued darkness, deprivation of oxygen, etc., in 
retarding or inhibiting movement, may be ascribed generally to 
an interference with the motility of the protoplasm, and more 
especially to an interference with the change in its state of aggre- 
gation upon which the variation in turgidity, leading to movement, 
depends. For instance, the retardation of the rate of growth by 
light, is the result of a diminished degree of turgidity as is proved 
by the diminution of the tissue-tensions. The arrest of movements 
of variation by darkness is probably to be ascribed to the suppres- 
sion of the chemical processes active in the formation of substances 
upon the presence of which the passage of the protoplasm from 
the state of expansion to that of contraction depends : and it may 
be that the efiPect of light in inducing the condition of phototonus 
(see p. 760) is due to its influence in promoting these chemical 
processes. 

In conclusion, the mechanical work done in connexion with 
movement remains to be considered, especially in relation to 
cellular members. In the movement of such a member, the work 
is done by those cells whose protoplasm is in a state of expansion, 
not by those whose protoplasm is in a state of contraction. This 
is a point of spe(;ial physiological interest ; for, on analogy with 
animals, the contrary might be assumed to be the case. For 
instance, the great force which can be exerted by a root (see p. 
763) is the outcome of the turgidity of its cells, that is, of the 
expanded condition of their protoplasm. Similarly, in the induced 
movement of the leaf of a Sensitive Plant, the work is done, not 
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by the flaccid, but by the still turgid cells of the pulvinus ; and 
the leaf is eventually raised to its normal position by the gradual 
resumption of turgidity, that is, of the expanded condition of the 
protoplasm, by those cells of the pulvinus which had become 
flaccid as the result of the assumption of the contracted state on 
stimulation. 



CHAPTER IV. 

SPECIAL PHYSIOLOGY OF REPRODUCTION. 

§ 18. Introductory. It has been already stated (see pp. 3, 
67, 670) that reproduction cohsists. essentially in the throwing 
off by the individual of a p6i*tion of its protoplasm which does 
not merely grow bht developes into a new organism ; and that two 
modes of reproduction, vegetative multipUcalion and spore-reproduc' 
tion may be conveniently distinguished, though they are not 
absolutely distinct. 

Reproduction has been considered so far mainly from the 
morphological standpoint, and it now remains to discuss it from 
the physiological point of view. The most important general 
consideration is that reproduction is a function of embryonic, as 
distinguished from adult, protoplasm. But it must not be over- 
looked that all embryonic protoplasm is not necessarily reproduc- 
tive : and it is interesting to trace the differences in this respect, 
presented by various kinds of embryonic protoplasm. To begin 
with, there is no doubt that the merismatic cells of the cambium 
are embi'yonic (see p. 18) ; but they are not at all reproductive, for 
they cannot give rise to a new member, still less to a new organ- 
ism ; they can only add to the bulk of the body of which they form 
part, by the development of new tissue. Again, the protoplasm 
of a growing-point is embryonic, but it is only imperfectly repro- 
ductive ; it possesses this property to the extent that it not only 
contributes to the increase of the member to which it belongs, 
but also developes new members. Finally, the protoplasm of a 
reproductive cell, such as a spore, is embryonic and is completely 
reproductive; for it does not in any degree contribute to the bulk 
of the parent-organism, but gives rise to a new individual*. 

Whilst the embryonic character of cytoplasm is probably 
dependent upon the presence of a large proportion of kinoplasm 
(see p. 95), there is at present no means of distinguishing by 
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inspection between merely histogenic and truly reproductive 
cytoplasm. 

§ 19. Vegetative Multiplication. This mode of reproduc- 
tion is distinguished as 'vegetative, because it is carried on by the 
vegetative organs of the plant, and, in the simpler cases, it is not 
distinguishable from the ordinary processes of growth ; though, 
in its higher forms it approximates to reproduction by spores. 
The simpler cases refered to are those of unicellular organisms : 
these, when they have reached by growth their characteristic 
limit of size, undergo cell-division, with the result that each new 
cell constitutes a new individual : here, multiplication is effected 
by a purely vegetative process, which, in a multicellular plant, 
would merely result in an increase in the number of the cells of 
which the individual consists. Much the same thing occurs in 
higher plants when (as in many Bryophyta, and in rhizomatous 
Pteridophyta and Phanerogamia) the main shoots die away, and 
the isolated lateral branches constitute new independent in- 
dividuals. Something of a similar kind also takes place in the arti- 
ficial multiplication of plants by means of cuttings : in many plants, 
but by no means all, if a shoot be cut off and be kept under 
favourable circumstances with its cut end in suitable soil, the 
cutting will complete its segmentation by the development of 
roots, and will then be a new individual. Not uncommonly, 
certain parts of the body may become more or less specially 
modified to effect vegetative propagation: for instance buds 
become developed into bulbs or into bulbils (see p. 68), or portions 
of the stem or the root become tuberous. But the specialisation 
which may be regarded as the highest of all, because it approaches 
most nearly to spore- reproduction, and involves the entire develop- 
ment of all the the new members, is that of gemmae in which the 
vegetative reproductive body is not merely a modified member of 
the parent, but is a special development consisting in some cases 
of only a single cell (e.g. gemmeB of some Algae and Liverworts, 
p. 67; oidium-cells of Fungi, p. 274). Something of the same 
kind occurs amongst the higher plants, such as some Ferns, 
Bryophyllum, etc., where an entirely new structure, a bud, is 
developed on the leaf, and produces stem, leaves and roots ; it is 
in this way that Begonias are artificially propagated. 

An iateresting artificial mode of vegetative propagation is that known as graft- 
ing or budding, in which a young shoot or a bud, termed the scioriy of one plant 
is inserted into the stem of another, though allied plant, the stock. Generally 
V. S. B. 3d 
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speaking, though the scion and the stock grow together so as to form one plant, 
they do not affect each other, the scion retaining its own peculiar characters 
{e.g. grafting of fruit-trees, budding of roses). But it is affirmed that in some 
cases the scion and stock do mutually effect each other, giving rise to shoots 
which present a mixture of their respective characters : such are termed graft- 
hybnds. 

An important fact connected with vegetative reproduction is 
that it is associated with a rejuvenescence of the protoplasm. For 
example, when an adult cell of a unicellular plant, such as Pleurp- 
coccus (Fig. 166, p. 236) divides, it gives rise, not to adult cells, 
but to young ones : and a cutting produces a young plant, not an 
old one. 

The relation of vegetative reproduction to the alternation of 
generations is of importance. In the lower plants (e.g. Thallo- 
phyta and Bryophyta) where the gametophyte is the conspicuous 
generation, it is this generation which multiplies itself vegeta- 
tively, although vegetative reproduction of a somewhat different 
kind has been artificially induced in the sporophyte of some Mosses 
(p. 362) ; but in the Phanerogamia it is exclusively the sporophyte 
which thus multiplies itself. In the Pteridophyta, whilst vegeta- 
tive multiplication of the sporophyte is common, the gametophyte 
still retains this capacity in certain cases (some Ferns, p. 403; 
Lycopodium, p. 425). Vegetative multiplication does not, as a 
rule, affect the alternation of generations, each generation pro- 
ducing its like : the exceptions are afforded by cases of apogamy 
and apospory (see p. 87), in which the one generation is developed 
vegetatively from the other ; that is, vegetative propagation 
replaces spore-formation. 

§ 20. Spore-Reproduction (see p. 68). The highest degree 
of reproductive capacity is that possessed by spheres. Though 
they are single cells, they are nevertheless capable, each by it- 
self, of giving rise to a plant-body which, as in the higher plants, 
may present complete morphological and histological differentia- 
tion. 

The transition from vegetative propagation, through the unicel- 
lular gemmee, to the simpler forms of spore-reproduction is so 
gradual that it is difficult in many cases to distinguish them. 
But there is one fact which may often serve as a criterion, and 
that is that, at least in the lower plants, the spores are much more 
resistent to unfavourable external conditions, such as drought and 
extremes of temperature, than are gemmse. This is due partly 
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no doubt to the firmer cell- wall of spores, bat mainly to a differ- 
ence in the condition of the protoplasm in the two' cases : for 
gemmeB are especially adapted for rapid propagation nnder 
favourable conditions. In fact the main object attained by spore- . 
reproduction is the maintenance of the species through a period 
of conditions which would be fatal to the life of the individual 
plant. 

In Phanerogams, in which the conditions of spore-formation are peculiar 
(see p. 431), the function of maintaining the species through a period of un- 
favourable conditions is transferred to the seeds which, like the spores of lower 
plants, have a great capacity for endurance. 

Most plants, and probably all, produce spores ; and from the 
physiological point of view there are two modes of origin of spores 
(p. 69) : they are developed either asexually or sexually. In the 
lowest plants {e.g. CyanophyceeB, Schizomycetes, etc.), as also in 
others which have become sexually degenerate (Fungi, such as 
the ^cidiomycetes and Basidiomycetes), spores are only produced 
asexually : whereas in sexual plants there is a sexual formation of 
spores, either exclusively (some Algae, such as the Conjugatee, the 
FucacesB, and the Charoidese), or, as is more commonly the case, 
together with asexual spore-formation. In the higher sexual 
plants (Bryophyta, PteridophytH, Phanerogamia) asexual spore- 
formation is entirely restricted to the sporophyte ; whilst in the 
lower plants in which an alternation of generation can be traced 
(e.g. most AlgsB and Fungi) the gametophyte retains the capacity 
of multiplying itself by the asexual formation of spores which are 
distinguished as gonidia (see p. 220). The essential difference 
between gonidia and asexual ly-prodaced spores is emphasised by 
the fact that whereas the former serve merely to reproduce the 
organism producing them, that is the gametophyte, or some form 
of it when it is polymorphic, so that the alternation of generations 
is unaffected, the latter only give rise to the antithetic form in the 
alternation of generations, that is, to the gametophyte. 

The retention by the gametophyte of the lower plants of the 
capacity for reproduction by gonidia is of special interest in that 
it throws light upon the course of evolution of sexual from 
primitive asexual forms. Thus, the lowest AlgaB are asexual, 
reproducing themselves solely by asexually produced spores often 
of the nature of zoospores. But in the course of evolution (see 
p. 226) some of these zoospores developed into sexual reproductive 
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cellfi (gametes), whilst others remained simply zoospores ; so that 
the plant becomes a ^rametophyte still posseseiog the capacity of 
i-epmdncing itself aseiDally by zooj^onidia, bfaongh in some forma 
(GonJQgatie, Facacete, Charoide^) this cepaijity has entirely 
disappeared. 

The evolution of the entirely aeeiual sporophyte is to be ti-a^ed 
to the advantage gained by the development of more than a 
single organism from the sexually-produced spore, that is, by poly' 
embryoiiy. Thus in Vancheria and Chara the oospore gives rise 
directly to a single sexual individual, and the oospore is all that 
represents the sporophyt« in the life-history of these Algte ; and 
this applies also to Fncus, bat here a multiplication of individuaU 
is attained by the development of eight oospheres in the oogoninm. 
A rudimentary form of polyembryony is presented by the Desmids 
where the zygospore gives rise to two individuals. It is more 
marked in such plants as Spheeroplea and (Edogoninm, where the 
oospore gives rise to several (2-8) Koospores fi^om each of which 
a new sexaal individual is developed : here the oospore and its 
zoospores represent the sporophyte. The sporophyte first makes 
its appearance as a distinct cellular organism in Coleocheete 
(p. 250), and from this point onwards its further evolotion can 
be readily traced through the spoi^ogonium of the Bryophyta to 
the Pteridophyta and Phanerogamia where it ia the predominant 
form in the life-history. The sporophyte is thus essentially jamo- 
genir, that is, it is developed as the result of a sexnal process 
(p. 69). 

n'bilst in tbe majority of crbcb the ^poropli; le is developed from a EeiuaUj- 
produced spore, it is sometimea developed from the fertilised female organ ; 
this is the case ia plnnts iu which there are either no dlEFerentiated gBmetes 
(e.g. Erematcus, p. 2a7j, or no ditftreutiated feniBle gamete (i.g. Bhodophyoe*, 
p. 269) ; bat it it still the product of s sexual pioaesE. In some cases ol 
sexual degeneration {e.if. spogamoua Ferns, p. 378 ; Ascomjcetes, p. 298) the 
sporoplijte is developed vegetatively (p. 87). 

The se:(ual formation of spores is the result of the fusion of 
two sexual reproductive cells or gametes, neither of which is, as a 
rule, capable by itself of developing into a new individual;. 
though, in some of the lower plants in which sexoal dJffeil 
tion is incomplete (e.g. Ulothrix, Ectocarpns; Bee p. 2X 
gametes may germinate independently. The act of fun 
sexual process, and the result is a cell (oospore 
80) which proves itself to be a spore by den 




CHAPTER IV. — SPKCUL PHYSIOLOGY OF BEPRODUCTIOX. 771 

individual which, in all plants presenting alternation of genera- 
tions, is the sporophyte. 

In some oases the spore is formed from a gamete without any sexaal 
process, that is, parthenogeneticalli (p. 87) ; this applies to the imperfectly 
Rexual gametes of Ulothrix and Ectocarpu? mentioned above, whence it follows 
that there can be both male and female parthenogenesis ; to the azygospores 
of some Zygomycetes (pp. 288, 290) ; to the oospores developed in the oogonia 
of the SaprolegniaoesB (p. 29 i), and to that of Chara crinita (p. 254). 

It has been ascertained, in plants other than the Thallophyta, 
that the nucleus of the sexually-produced spore contains twice as 
many chromosomes (p. 119) as does that of either of the gametes ; 
for instance, if the number of chromosomes in the nucleus of the 
gamete be twelve, that in the nucleus of the oospore will be 
twenty-four; and since the sporophyte is developed from the 
oospore, the number of chromosomes in the nucleus of each of its 
cells is also twenty-four, and is twice as great as that in the 
nucleus* of the cells of the gametophyte. But, since the gameto- 
phyte is agamogenic, being developed from the asexually- prod need 
spores of the sporophyte, the question arises as to how this 
reduced number of chromosomes is arrived at. It is simply due 
to the fact that when the nucleus of a spore- mother-cell is about 
to divide, the fibrillar network breaks up into only half the 
number of chromosomes characteristic of the sporophyte (for 
instance, twelve instead of twenty-four) ; hence the spore, when 
formed, contains the reduced number of chromosomes character- 
istic of the gametophyte and is, in fact, the first term of that 
generation. 

These points have not yet been fully investigated in the Thallophyta, in 
which group various special questions arise. For instance, as already pointed 
out, in many of these plants the gametophyte is directly developed from the 
sexually-produced spore, and yet there can be little doubt that the nuclei of 
the gametophyte each contain only half the number of chromosomes present 
in the nucleus of this spore; for, were it otherwise, each sexual act would 
involye the doubling of the number of the chromosomes in the nuclei of the 
succeeding generation, and by continued repetition of the process the number 
would become indefinitely large. It seems probable that a reduction in the 
number of the chromosomes takes place early in the germination of the 
sexually -produced spore. Thus it has been observed in certain Desmids that 
the nucleus of the germinating zygospore divides into four, but the product is 
only two new individuals each with a single nucleus ; and similarly, that the 
nucleus of the zygospore of Spirogyra divides into four, yet the unicellular 
embryo contains but a single nucleus. Then there is the further question as 
to the number of chromosomes in the nuclei of the gouidia and in those of 
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acteni of the individual will be those transmitted to it by the 
chromosomes of the f^ametes. Consequently, if the gametes were 
derived from two distinct individuals, the characters of the new 
individual will be those of its two pai*ents. In this way the more 
obvious phenomena of heredity can be traced to a material basis, 
and are thereby rendered more comprehensible. 

Bat what is true of the new individaal, applies likewise to its 
parents : the characters which each parent transmits to the off- 
spring are those which it has itself received from its two parents, 
^nd so on : hence the characters inherited by any individual are to 
be regarded as belonging rather to the race than to its immediate 
progenitors. This conception also can be tittced to a material 
basis. It has been suggested that the discoid segments (con- 
sisting of linin and chromatin, p. 96) of which the nuclear cbro- 
Tnosomes consist, each represent, in a gamete, substance derived 
from a number of ancestoi-s, the whole chromosome representing 
taany ancestors, and the chromosomes together all the ancestors 
whose sabstance still persists in the gamete and will be trans- 
mitted by the gametes to the next generation. The term id is 
used to designate one of those material units which seem to con- 
stitute the physical basis of heredity. 

Applying these considerations to the elucidation of the repro- 
ductive process in a plant, such as a Fern, whose life-history pre- 
sents antithetic alternation of generations, it would appear that 
the sudden reduction by half of the number of the nuclear chromo- 
Homes which attends the initiation of the gametophyte (see p. 771) 
is to be attributed to the fusion of the ids in pairs : and farther, 
that it is not until this stage that a real fusion of the nuclear 
substance of the gametes actually takes place. 

The phenomena of heredity as manifested in the products of 
sexual reproduction may be accounted for in connexion with this 
fusion of the parental ids. When, for instance, in hybridisation, all 
the parental ids exert their full influence, the offspring is precisely 
intermediate in character : but when, from some cause which 
cannot now be explained, some of the ids are paralysed or neu- 
tralized, the offspring resembles one parent more than the other. 
The character of the hybrid too, whether blended or blotched, may 
be referred to some such cause. 

Turning now to the phenomena of variation: this may be ac- 
counted for, when it depends on reversion, on the assumption that 
some of the ancestral ids which have remained neutralized and 



CHAPTER IV. — SPECIAL PHYSIOLOGY OF REPRODUCTION. 783 

ineffective for generations, are, as it were, set free in consequence 
of some fresh crossing or of some important change in the con- 
ditions of life, so that the latent ancestral characters now reveal 
themselves. It is scar<3elj possible to offer any satisfactory ex- 
planation of variation due to other causes, but there is one point/ 
which, in conclusion, demands special consideration; that is, 
whether or not variations which are the result of the influence 
of the external conditions, can be transmitted to the offspring. 
There is no doubt that they can be transmitted by means of 
vegetative propagation. But the real question is as to whether 
or not they can be transmitted through the sexual process; as 
to whether or not the ids in the gamete of an individual can 
transmit not only the ancestral characters, but also characters 
which presented themselves apparently for the first time in the 
individual itself. The weight of opinion is at present in favour of 
the view that such acquired characters cannot be so transmitted ; 
but in the face of the fact that some variations apparently of this 
nature (e.g. doubling of flowers, variegation of leaves) are often 
transmitted in this way, it cannot be conceded that this view is 
concl naively established. 
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Abele, 686. 

Abies, 465, 468 (Fig. 296), 

483 (Fig. 30o), 484. 
AbietinesB, 463, 483. 
Abolboda, 556. 
Abronia, 588. 
Abuta, 595. 

Acacia, 636, 638 (Fig. 437). 
AcanthacesB, 575, 646. 
Acanthus, 646. 
Acaulon, 368. 
Acer, 616 (Fig. 418). 
Aceraceae, 574, 616. 
Aoeras. 566. 
Aoetabularia, 239 (Fig. 

170). 
Achillea, 664 (Fig 466). 
Achimenes, 646. 
Aohlya, 293 (Fig. 204), 

294. 
Aconitum, 496, 512, fi21 

(Pig. 335), 592 (Fig. 

397). 
Acoras, 536, 539 (Fig. 348). 
AcrocarpsB (Musci), 370. 
AcrogynsB (Hepatic8B),347, 

352. 
AcrostichesB, 390, 405. 
Acrostichum, 405. 
ActsBa, 593. 
Actinostrobinae, 486. 
Actinodtrobus, 486. 
Adder's-tongue Fern, 3S2. 
Adhatoda, 646. 
Adiantum, 390, 397 (Fig. 

263). 4'JO (F.g. 266), 

405. 
Adlumia, 601. 
Adoais, 592. 
Adoza, 519, 659. 
^cidiomycetes, 275, 280, 

303. 
^cidium, 308. 
^gopodium, 62 >. 
Jisciilus, 509, 616 (Fig. 

417). 



iEthalium, 234. 
^thusa, 62>. 
Agapanthus, 510, 558. 
AgaricinaB, 312, 316. 
Agaricus, 275, 311 (Fig. 

219), 317 (Fig. 222). 
Agathis, 479, 483. 
AgathoBma, 614. 
Agave, 568. 
AgavoidesB, 568. 
Aglaozonia, 26 L. 
A^opyram, 650. 
Agrimonia, 633. 
Agrostidese, 548. 
Agrostis, 548. 
Aigeiros, 586. 
Ailanthas, 615. 
Aira, 549. 

Aizoaceee, 573, 600. 
Ajax, 568. 
Ajuga, 643. 
AjugoideaB, 613. 
Akebia, 595. 
Alaria, 257. 
Alchemilla, 633. 
Alder, 580. 
Aldrovanda, 608. 
Aletris, 559. 
Aletroideee, 559. 
AlgBB, 217, 221. 
Alicularia, 347, 352. 
Alisrna, 444 (Fig. 28 7), 502, 

554 (Fig. 360). 
AlismacesB, 502. 538, 554. 
Alismales, 533, 53S, 558. 
Alkanet 650 
AUamanda, 651. 
All-good, 587. 
AllioidesB. 558. 
Allium, 493, 496, 617, 558. 
Allosorus, 405. 
All-seed. 600. 
Allspice, 594. 
Almond-tree, 633. 
Alnus, 528, 580 (Fig. 383), 

581 (Fig. 384). 
785 



Alocasia, 641. 
Aloe, 558. 
Aloidella, 359. 
Aloina, 359. 
Alopecurus, 546, 548. 
Alpine Rose, 655. 
Alpinia, 562 (Fig. 367). 
AlsineaB, 599. 
Alsophila, 391. 405. 
Alstroemeria, 492, 510, 56<^. 
AlthBBa, 502, 6 1 1 (Fig. 413) . 
Althenia, 553. 
AlyssineaB, 605. 
Alysaum, 605. 
Amanita, 312, 317 (Fig. 

222). 
Amarantace&B, 494, 613, 

573, 587. 
Amarantus, 514, 587. 
AmaryllidaceBB, 493, 533, 

667. 
AmaryllidoideaB, 567. 
Amaryllis, 510, 567. 
Amelanchier. 635. 
Ameiitales. 528, 573, 679, 

580 (Fig. 382). 
American Aloe, 563. 
Ainmi, 625. 
Ammineee, 625. 
Amomales, 538, 561. 
Amorpha, 636. 
Amorphophallus, 533, 540. 
AmpelidacesB, 493, 501, 

574, 619. 
Ampelopsis, 619. 
Amphibolis, 553. 
Amsonia, 651. 
Amygdalus, 632. 
Amylum Marantae, 563. 
AnabsBna, 232 (Fig. 165), 

412. 
Anacamptodon, 371. 
Anacardiaceee, 626, 674, 

617. 
Anacardium, 509. 
Anacharis, 560. 
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AiiMun»g3Uiu, ;U7, !)'>!. 
Aliadyniiieiin, *24*J. 
AiiiitfiiiliH. AUl.nriH. 
Aiiiiiiiirtti, Mill. 
Aiiiuiau, MM, 
AiiHptM-iiitfc, .ri() (KiK. 

Aiitihiiiiti. nAO (FiK. 4r>()). 
Auvyli'^Ucnk) 'JH7. *itM). 
AnryliHtori, *Jt)l. 
Aiitliaohiiti, <l*Jl. 
AiulittiMi. Hil'J, h:)4, aU5 I 

AiuiiriDHot^A-, a:)s. aao. 
ana. a- 5. 

Auilrtu*rv|ihia. a4a, a47, 

Aiu)ri>iuti(U, (V'>ri. 

Aiuii'o)»«>(;\ti>fWt, o4'<. 
AiuMiuiii, asH, 4lH». 
AiifUtfit^), aOtl. 
Ai>t*uuiite, 41U. 5ia, 5V)2 

Auvur*. a4a. a;si. 
Augttiu'M, aa^t. 

Au>.'»jIu'«*», t»5>7». 
Auk;ioi tf ii*» aiov 3S3, 

Au>;i«ie.*um. 367 

Aiiu^Uo. ^^K 

AuUiiiv tri*, t<V4. 
Amhvuiiutae. tf*:*»4. 
Au5* f lui'i, |r;<>4. 
Au'.hrncuui. .r».>.S. 
AuU '.H.'vi:".*. :j;ii.> ■ Fw. 'i:S-'^\, 

Auci.i'.H.'tjr'.'SiiK.^f*. ;5:ft>. X5l. 
^5.> -Fsi. 2:5.; , :5.5»5, 
50 i. 

A'j^'.'. rt.r,i,'i'! t. '52'i. 
A r.' ■;."•■.■ \ iM -j.j : -Tj . .j-t>. 
AM*4.Mr'.M::.'i. t5*-i»». 
A*^":i ;- i::s. }4i.». 
A j". -. . .i. n,y-t. 
A-.''.;.i.->. 37^. 
A .'.; •••j.'i ;.«, 'H-t 
A X' ./'■■■;•. n.'tt'ft. •>*-.. 

Apibi.n.iji ":hh. i\H. 
A;niM:"Ml.H. -iiJH. 
Aiii.i;ii. 'ilif). ti'JH. 

Afwi: "Jiur'-fi. »2H. ri7 TTT. 

^. L. 
ApoiW.'i, ilJ^. 



Apogon, A69. 
Aponogeton, 554. 
Aponogetoneaa. 554. 
Apple- tree, 634. j 

Apricot, (ma. 

A(|iiifoliacesD, 574, 010. 
Atiuilegia, 502, 593 (F g. 

a»^). 

ArabidfiD, fi04. 
Aracew, 512, 518, 638, 589. 
Arnohia, 037. 

AmlHH, 538, 539. i 

Araliatuffi, 574, ()2<^. j 

.Araucaria, 465, 482. | 

.AriiucarinesD, 467, 483. 
Ar»H»r Vit», 486. 
.Arliutoiilrie, 655. 
.Arlmtut*. 65^. 
.AroHutbo*, 486. 
.An'bangelica, 62t>. 
ArobeKoniata, 218. 
Arob»aiac. le, 3^3. 366. 
Arcbia»um. 330. 361.367. 
Arvtium, 6t>4. 
.\rotostapbvlos, f iv». 
Arcvria. 384 (Fig. !*:<>. 

2s:». 

ArxUsi*. 654. 

Ar«Ka,o44 aV 35S). 

Ar^uart*. o99. 

Aria, 63:>. 

AnsAruiu. i*S9. 541. 

Ari^te*. 5*>i>. 

Aristii « 5t*ii>. 

Ari-tol« chia, •'S*? (Friz. 

2*W.. .514. 51<. 5j^. 
Ari«c>»!<>:liLJic««. -521;. •>T^ 

Ann* na. 6^M. 
Armiilara. 3I2L 
Am'.'tt,*;*)^ I P-!f. 4*54.. «6<>S. 
Arn«:!i«-ri''. *5*6o. 
Aroiii«a. -341. 
Arrfa**Qatfa*»rJm. -KD. 
Arrow -zra.-w. •V54. 
Arro':ir-h«'tiiJ, .>>5. 
ATTO-v-njot. .)H*J, .)6;5. 

•^64. 
ArdlrnfLuii.-i.. -257. 'iiiD. 
Ar'-.iciii -»!'*, ♦5iH. 
.\T*a}i;arT>iiM. .>77. 
.U-'im, •)L). ^iV.) F'iz. :K'.)'. 
.l."irni:niir:a- "Jo*). 
.L«LiTina»!(!a. 5r»»*. 
A.^ul^■li«J*. -)7'.i. -Tr***. 
.L-iarr.li. .T^»H i«'.ii. :V.>4--. 
.U4«i«p'a«iiu!i*.'B. TIT. i^'i, 

.L.-<«iHnnirt, .>«H, »Wl 'Flii. 
U'2V 



AacoboluB, 276, ?03. 
A*<colicbene8, 320. 
Ascomycetes, 274, 260, 

294. 
Apoophyllum, 266. 
Asb.652. 

Anparagoidfae. 553. 
ABparagns. 558. 
Afipen, 586. 

Asperococcns, 257, 259. 
Asperula, 658. 
ARphodeloideae. 553. 
Asphodelus. 558. 
ARpitlieae, 405. 
Aspidistra, 559. 
A^pidiom. 390. 391 tFi^. 

2.58). 405. 
As^pYenieiP, 4i5. 
Aspleoiam. 3^9 iFig. 157), 

390, 44)5. 
A8t4?r. 663. 
Asterales, 575, <5«50. 
Ast€roc«phaIa:<^ ^t^L 
Asterotiec, (^t^ 6iU. 
AstiLbe. «*?. 
Astomam. 3*5^. 

Astnftntfa^ <$29. 
A5tn.>poc«, 34SJ-. 
AfibrotSL&is, 4>S^. 
Afiii7Tiaro„ 4»)i7* 
Atratfene. ->!} I . 
AtrichTrm, 3152. 370. 
Atriples, ^7. 

An«ti.fc»u t^art. 

Atilaci7niiiiiini. 'iST, -170. 
A'miicit'ffl. H -i. 
Amriimi&ria.. 31^. 
A'ir.uuiaripHB. ^Illi. 315. 
AnttunpiiL'uinis. :HIT. 
Aaft«n-rironiyr«». HOT. 
Aiici)bfu^Luiuiii^ (9etefi« '112, 

A'«niv. .74H- < Fig. :i5«»). 'A'i. 

A7*»nHffl, -litf. 

AvHTi-. rt34* 

AT^^rruoa, »ili5. 

AvUvvorr. ♦Kl5. 

A'^^'nitt, :S411. 

AzilIk!!, '155. 

A-5»i)a, lUH. +10, 415. 

EamiluH. \iiil ■F?-;. L9T1, 

Eacr«rium. iM Ffg. 1%>. 
Batlhumia. '2b^ 
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Balanopliora, 590. 
BalanophoracesB, 519, 573, 

690. 
Ballota, 643. 
Balm, 613. 

BalsamiDaceaB, 574, 613. 
Bamboo, 550. 
Bimboo Palm, 543. 
Bambusa, 515 (Fig. 353), 

550. 
Bambuseae, 550. 
Banana, 562. 
Baneberry, 59i. 
Bangia, 268, 272. 
Bangiacese, 267, 272. 
Ban van, 578. 
Baptisia, 636. 
Barbarea, 604. 
Barberry, 305, 595. 
Barbula, 359, 370. 
Barley, 550. 
Barosma, 614. 
Bartsia, 645. 
Basidioiichenes, 320. 
BasiiUoraycetes, 271, 230, 

310. 
Bastard Toad-flax, 583. 
Batatas, 617. 
Batrachospermum, 263, 

272. 
Battarea, 319. 
Bauhinia. 637. 
Bean, 637. 
Bearberry, 655. 
Bed-straw, 658. 
Beech. 5S3. 
Bee Orchis, 566. 
Beetroot, 587. 
Beggiatoa, 282. 
Begonia, 627. 
BegoniaceaB, 574, 627. 
Belladonna Lily, 567. 
Bellis, 1-63. 
Bent- Grass, 548. 
Berbr-ridacesB, 502, 520, 

573, 595. 
Berberis, 498 (Fig. 311), 

595. 
Bergenia, 639 (Fig. 439j. 
Bermadiana, 5J9. 
Bertbolletia, 631. 
Beta, 587. 
Betel-Palm, 544. 
Betony, 643. 
Betula, 628. 581. 
BetulacesB, 513, 573, 530. 
Bidens, 664. 
Bignouiacese, 575, 646. 
Bilberry, 656. 
Bindweed, 647. 
Biniiclearia, 247. 



Biophytum, 613. 
Hiota. 466, 435 (Fig. 306). 
Bircb, 5Sl. 
Bird-Ciierry, 633. 
Bird's-foot Trefoil, 636. 
Bird's nest, fr5*i. 
Bird's-nest Or.-hid, 567. 
Birthwort, 688. 
Bistort, 698. 
Bitter or Seville Orange, 

616. 
Bittersweet, 643. 
Bixa, 606. 
BixacesB, 673, 606. 
Blackberry, 634. 
Black Bryony, 560. 
Black Pine, 485. 
Black Poplar, 586. 
Black Thorn, 633. 

Bladder Fern, 405. 
Bladder Senna, 636. 

Blaeberry, 656. 

Blasia, 343, 347, 351. 

Blechniira, 390, 405. 

Bletia, 564. 

Blinks, 600. 

Blue bell, 556. 

Blae-bottle. 664. 

Blue-eyed Grass, 569. 

Blyttia, 343, 351. 

Bog-Apphodel, 558. 

Bog-bean, 661. 

Bog-Myrtle, 584. 

Bog-Orchis, 567. 

Bog-Ra.sh, 551. 

Bohmeria, 577. 

Boleius, 312, 316. 

Bonapartea, 568. 

Bonnemaisonia, 272. 

Bmnemaisoniacese, 272. 

Borage, 650. 

Boraginacese, 490, 503, 
575, 649. 

BoraginoidesB, 650. 

Borago, 650. 

Borassiuse, 543. 

Borassiis, 543. 

Borecole, 604. 

Borneo Camphor, 603. 

Boschia. 336. 

Boswellia, 615. 

Botrychinm, 374, 331, 
332 (Fig. 255). 

BotrydiesB, 240. 

Botrydium, 239 (Fig. 171). 

Botryoeoccus, 236 

Bougainvillea, 583. 

Bouvardia, 659. 

Bo vista, 318. 
Bowenia, 481. 
Bowiea, 553. 



Box, 623. 

Brachypodium, 549. 
Brachythecium, 371. 
Bracken, 406. 
Brasenia, 594. 
Brassica, 60;J (Fig. 407). 
Brassicese, 604. 
Rrazil Nur., 631. 
Bread-fruit, 578. 
Bremia, 292. 
Bridelia 621. 
Briza, 549. 
Broccoli, 604. 
Brod;8ea. 558. 
Brome-Grass, 549. \ 
BfomeliacesB, 538, 561. 
Bromus. 549. 
Brook weed, 654. 
Broom, 636. 
Broomrape, 646. 
Broussonetia, 578. 

Browallia, 649. 

Bruchia, 368. 
Bruchiacese, 368. 

Brugmansia, 589. 

Bruguiera, 632. 

Brussels-sprouts, 604. 

Bryaoese, 370. 

Bryineffi, 330, 366, 363, 
3rt7. 

Bryonia. 616, 628. 

Bryophyta. 217, 324. 

Bryopsis, 240. 

Bryum, 369, 370. 

Buck-bean, 661. 

Buckthorn, 618. 

Buckwheat, 6^J8. 

BulbochsBte, 2 19. 

Bulgaria, 303. 

BulgariesB. 303. 

Bullace, 633. 

Bulrush, 642, 551. 

Bupleurum, 625. 

Burdock. 664. 

Bur-reed, 642. 

Burseracese, 674, 616. 

Butcher's Broom, 558. 

Butomacese, 602, 638, 566. 

Butomopsis, 666. 

Butomus, 502, 525 (Fig. 
338), 664 (Fig. 360), 
656 (Fig. 361). 

Butter-bur, 664. 

Buttercup, 692. 

Butterfly Orchis, 666. 

B itterwort. 647. 

BuxacesB, 674, 622. 

Buxbaumia, 370. 

Buxbaumiaceae, 370. 

Baxus, 615, 623. 

BybUs, 608. 
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Cabbage, 604. 
Cdbomba, 594. 
Cabombese, 594. 
CactaceaB, 574, 628. 
Cseoma 308. 
CaBsalpinia, 637. 
Cajsalpinieae, 637. 
Cakile, 605. 
Cakilineae, 605. 
Calabar Beau, 637. 
Caladium, 541. 
Calamagrostis, 548. 
Calamintba, 642. 
Calamus, 544. 
CalrtDthe. 56 i. 
Calceolaria, tii. 
CalenduleaB, 6b4. 
Calendula, 664. 
Calicieae, 322. 
Crtlla, 540. 
Callistemou, 631. 
Callifctephus, 663. 
Callithamnion, 267, 272. 
CallitricbaceaB, 574, 623. 
Callitriche, 623. 
Callitris, 486. 
Calloideae, 540. 
Callnna, 655. 
Calobryum, 351. 
Calocera, 313, 315. 
Calochortus, 556. 
Calosphseria, 302. 
Calostoma, 318. 
Calothamnus, 631 (Fig. 

431). 
Caltha, 502, 593. 
CalycanthaceaB, 520, 573, 

594. 
Calycanthus, 496, 594. 
Calyciflorae, 574, 623. 
Calypogeia, 345, 352. 
Calystegia, 647. 
CamaRsia, 556. 
Camelina, 605. 
Camelineee. 605. 
Camellia, 494, 609. 
Campanales, 575, 656. 
Campanula, 498 (Fig. 312), 

667 (Figs. 456, 457). 
Campanulaceas, 498, 508, 

575, 666. 
Campion, 599. 
CampylospermeaB 625,626. 
Cauada-balsam, 484. 
Candytuft, 605 
Canna, 606, 619, 563 (Fig. 

368). 
CannabiuacPBB, 496, 516, 

573, 578. 
Cannabis, 578. 
Cunnaceee, 662. 



Canterbury-bell, 657. 
Cantbarellus, 317. 
Caoutchouc, 578, 622. 
Caper, 605. 
CapparidacesB, 626, 673, 

605. 
Capparis, 605 (Fig. 408). 
Caprifoliacese, 510, 576, 

669 (Fig. 460). 
Capsella, 443 (Fig. 286), 

606. 
Capsicum, 649. 
Caragana. 636. 
Carallia, 632. 
Car/ipa, 616. 
Caraway, 626. 
Cardamine, 604. 
Cardamom, 662. 
Carduus, 664. 
Carex, 515, 551 (Fig. 358). 
Carica, 627. 
Caricoideee. 651. 
Carlina, 664. 
Carline Tbistle, 664. 
Carludovica, 542. 
Carnation, 699. 
Carob-tree, 637. 
Carpinus, 528, 582, 583 

(Fig. 387). 
Carpomitra, 257. 
Carrot, 626. 
Carthamus, 664. 
Carum,529(Fig.341), 626 

(Figs. 426, 427). 
Carya, 584. 
Caryocfidrus, 4*^6. 
CaryophyllaceaB, 494, 573, 

699. 
Caryophyllales, 573, 598. 
Cassava, 622. 
Castia, 637 (Fig. 436). 
Cassytha, 696. 
Castagnea, 267. 
Castanea, 683. 
Castor-oil Plant, 622. 
Casuariua, 489, 5*28, 685. 
CasuarinacesB, 673, 585. 
Catalpa, 646. 
Catchfly, 599. 
Catenella, 272. 
Catmint, 643. 
Cats Ear, 665. 
Cat's-tail Grass, 548. 
Crtucalinees, 626. 
Caucalis, 626. 
Caulaoanthufl, 272. 
Caulerpa, 225 (b'ig. 162), 

240. 
Caulerpeee, 240. 
Cauliflower, 604. 
Cedar, 484. 



Cedrela, 615. 
CedruR, 463, 484. 
Celandine, 601. 
Celascracese, 626, 674. 618. 
Celastrales, 674, 618. 
Celery, 626. 
Celosia, 587. 
Celsia, 644. 
Celtis, 516, 679. 
Cembra, 485. 
Centaurea. 664. 
Centaury, 651. 
Centianthus, 660 (Fig. 

462). 
Centrolepidacees, 562. 
Cephaelis, 669. 
Cephalanthera, 566. 
CephalantheresB, 566. 
CephalideaB, 289. 
CephalotaeesB, 674, 640. 
Cephalotaxus, 466, 487. 
Cephalotus, 640. 
Ceramiacese, 272. 
Ceramium, 272. 
Cerastium, 603, 599. 
Cerasus, 633. 
Ceratium. 286. 
Ceratopteris, 393. 
Ceratodon, 330 (Fig. 238), 

370. 
Ceratonia, 637. 
Ceratopbyllaceee. 673, 598. 
Ceratopbyilum, &98. 
Ceratozamia. 471 481. 
Cercis, 511 (Fig. 327), 637. 
Cereus, 629. 
Cerinthe, 496. 
Ceropegia, 652. 
Ceroxylinas, 544. 
CtstresB, 649. 
Cestrum, 649. 
Cetera<^b, 405. 
Cetraria, 322. 
CbeBrophyllum, 626. 
ChsBtocladif 8B. 287, 269. 
CliSBtocladium, 289. 
ChsBtomium, 276, *298, 301 . 
Cbeetomorpha, 241. 
ChaBtophora, 248. 
Chastophoraceee, 243, 247. 
Cb8Btopteris,224(Fig 160j, 

257, 259. 
ChamsBcyparis, 486. 
CbanisBdorea, 543 (Fig. 

351). 
Chamaelauciese, 631. 
Cbamaeorchis, 566. 
Cbamaerops, 543. 
Chamomile, 664. 
Champia, 272. 
Chantransia, 268, 272. 



CLASSIFICATION AND NOMENCLATURE. 



789 



Chara, 251 (Fig. 180), 253 

(Fig. 181), 265 (Fig. 

183). 
CharaoesB, 251. 
Cbaracium, 236. 
CharesB, 255. 
Charlock, 605. 
Gharoidese, 236, 251. 
Chasmanthera, 595. 
Chaste Tree, 643. 
Cheilanthes, 391, 405. 
Cheiranthus, 604. 
Chelidoaium,601(Fig.404). 
Chelone, 644. 
ChenopodiaceaB, 496, 513, 

573, 587. 
Chenopodiales, 570, 573, 

586. 
Chenopodium, 586 (Fig. 

392). 
Cherry Lanrel, 633. 
Chervil, 626. 
Chickweed, 599. 
Chickweed Winter-green, 

654. 
Chicory, 665. 
Chili Pepper, 649. 
Chiloscyphus, 343. 
Chimonanthus, 594. 
China Aster, 663. 
Chinese Yew, 4S7. 
Chionanthus. 652. 
Chionodoxa, 556. 
Chives, 558. 

Chlam7domonadace89,237. 
Chlamydomonas, 237. 
Chlora, 651. 

ChloranthacesB, 573, 576. 
Chloridesa, 549. 
Chloroohytriam, 236. 
Chlorooocoum, 236. 
ChlorophyceaB, 221, 234, 

321. 
Chlorophytum, 558. 
Chlorospheera, 236. 
Chocolate, 611. 
Chomiocarpon, 343. 
Chondriopsis, 268, 272. 
Chondras, 272. 
Chorda, 257, 259. 
Chordaria, 257. 
ChoristocarpesB, 257. 
Cioristocarpus, 257, 259. 
Christmas Rose, 593. 
Chromophyton, 267. 
ChroococcaceaB, 233, 321. 
Chroolepus, 247. 
Chrozophora, 621. 
Chrysauthemam, 664. 
ChrysobalaneaB, 635. 
Chrysodium, 390. 



Chrysomyza, 307 (Fig. 

217). 
Chrysosplenium, 639. 
Chylocladia, 272. 
CbytridiacesB, 278, 285. 
Cibotium, 391, 405. 
Cicendia, 651. 
Cichoriese, 665. 
Cichorium, 493, 665. 
Cicuta, 625, 626. 
Cinchona, 659. 
CioohoneaB, 659. 
Cinnamomum, 596 (Fig. 

400). 
Cinquefoil, 634. 
Circasa, 630. 
Cissampelos, 595. 
CistaceaB, 573, 606. 
Cistus, 606. 
Citron, 615. 
CitruUus, 628. 
Citrus, 614, 615 (Fig. 416). 
Ciadochytriees, 287. 
Cladonia, 320, 321. 
Cladophora, 241 (Pig. 172). 
CladophoraceaB, 238, 241. 
CladophoreaB, 241. 
Cladostephus, 257,259(Fig. 

185), 260 (Fig. 186). 
CladothrichieaB, 282. 
Cladothrix, 282. 
Cladrastis, 636. 
Clarkia, 507. 
Clary, 643. 
Classification of AlgaB, 221. 

of AngiospermaB, 533. 

of Ascomycetes, 300. 

of Basidiomycetes, 315. 

of Bryophyta, 332. 

of Chlorophyceae, 235. 

of ConifersB, 483. 

of Dicotyledones, 573. 

of FilicinaB, 381. 

of Fungi, 280. 

of GymnospermaB, 480. 

of Hepatic8B, 336. 

of Lichenes, 320. 

of Monocotyledone8,538. 

of Musci, 363. 

of PhaBophyceaB, 257. 

of Phanerogamia, 462. 

of Phycomycetes, 285, 
290. 

of Plants. 216. 

of Pteridophyta, 378. 

of Rhodophyceae, 272. 
Clathrus, 3i9. 
Clavaria, 315 (Fig. 221). 
ClavariesB, 312, 315. 
Claviceps, 274, 301, 302 
(Fig. 212). 



CleistocarpsB, 361, 363. 
Clematis, 502, 591. 
Cleome, 495. 
Clevea, 336. 
Climacium, 371. 
Closterium, 244 (Pigs. 173, 

174). 
Clostridium, 282. 
Clover, 636. 
Club Moss, 421. 
Club Rush, 551. 
Clusia, 494, 496. 
ClusiaceaB, 573, 609. 
Cluster Narcissus, 568. 
Cluster Pine, 485. 
Cluytia, 621. 
Cnious, 664. 
Cobaea, 648. 
CoccaceaB, 282. 
Coccoloba, 598. 
Cocculus, 502, 516. 
Coccus, 281 (Fig. 196). 
Cochlearia, 605. 
Cock's Comb, 587. 
Cock's Foot Grass, 549. 
Coco-nut Palm, 544. 
Cocoa, 544. 
CodieaB, 240. 
Codium, 240. 
CodonieaB, 351. 
Coelastrum, 242. 
CoBlospermeaB, 625, 626. 
Coenogonium, 321. 
Cofifea, 659, 
CoffeeaB, 659. 
Coffee tree, 659. 
Coix, 547. 
Cola, 611. 
ColchiceaB, 558. 
Colchicoidese, 556. 
Colchicum, 557 (Fig. 363), 

558. 
Coleanthus, 547. 
ColeochBBte, 249, 250 (Fig. 

179). 
ColeochsBtacese, 243, 249. 
Coleosporium, 307. 
Coleus, 642. 
Collabium, 564. 
CoUema, 275, 298 (Fig. 

208), 321 (Fig. 228). 
CoUemaceaB. 320. 
Colignonia, 588. 
Colocasia, 541. 
Colocasioidese, 541. 
Colpomenia, 257, 259, 262. 
Colt's Foot, 664. . 
Columbine, 593. 
Column ea, 646. 
Colutea, 636. 
Colymbea, 475, 482. 



790 



INDEX, PART I. 



Colzt, 605. 
Comtnim, 495, 634« 
Comfrey. 650. 
Commelyna. 510 (Fig.325), 

612. 556. 
CommelynacesB, 492, 538, 

556. 
rommel.vnales, 538, 555. 
Commiphora, 615. 
Common Basil, 612. 
Common BugloBR, 6.50. 
Composite (Marchautia- 

cee). 343. 
Comp >8itfB. 489. 575. 662 

(Fig. 465), 663 (Fig. 

466). 
Confena. 247. 
Confervoideffi, 236, 213, 

321. 
CouidiophorBB, 289. 
ConiferiB, 463, 480, 481. 
Couiopijora, 316. 
Conium.626(Fig. 426). 
Conjugatae. 243, 241. 
Conocephalus, 343. 
CoDopodiam, 625. 
ConTallaria. 558. 
ConvolvulaceBB, 575, 647. 
Convolvulus, 5i4 (Fig. 

329), 647. 
Copi^er Beech, 583. 
Coprinus 312, 317. 
Cora, 320, 321. 
Coralliua, 272. 
Corallinac€8B, 26.S, 272. 
Corallorhiza, 567. 
Coral K<x)t, 567. 
Corbularia, 568. 
Corchorus, 610. 
Cordyceps, 276, 294, 301. 
Cordyline, 558. 
Coreopsis. 664. 
Coriaudrese, 626. 
Coriandrura,626(Fig.426). 
Cork-oak, 5S3. 
Cornaceie, 574, 626. 
Com Cockle, 599. 
Cornel, 626, 
Com Flag, 569. 
Corn-flower, 664. 
Coroish Heath, 6.55. 
Cornish Moneywort, 645. 
Corn -salad, 661. 
Cornus, 501, 626. 
Coronilla, 637. 
C^orrigiola, (KK). 
Corsinia, 336, 342. 
Corsinieffi, 340. 342. 
Corticiuni, 316. 
Cortinarius, 317. 
Corydalis, 511, 570, 603. 



CorylaceaB, 573, 581. 
Corylas, 528, 582 (Figs. 

385, 386). 
Corypbin89, 543. 
Cotinus, 618. 
Cotoneaster, 631. 
Cotton, 612. 
Cotton-Grass, 551. 
Couch-Grass, 550. 
Cowberry, 656. 
Cow Parsley, 626. 
Cow Parsnip, 626. 
Cowslip, 653. 
Cow tree 578. 
Cow Wbeat, 645. 
Crakeberry. 623. 
Crambe, 605. 
Cranberry. 656. 
Cranes'-bill, 612. 
Crassula, 640. 
CrassulacsB. 492, 574 640. 
Cratfegus, 631. 
Craterellus, 316. 
Craterocolla, 313. 315. 
Creeping Bagle, 643. 
Creuotbrix. 282. 
Crepis, 665. 
Cress, 6U5. 
Crinum, 567. 
Cristatella, 526. 
Crithmum, 625, 626. 
CrocoideBB, 568. 
Crocus, 56?. 
Cronartium, 307. 
Cross-leaveil Heath, 655. 
Croton, 622. 
CrotonesB, 621. 
Crowfoot, 592. 
Crown Imperial, 556. 
Crueibulum, 318. 
CruciferaB 489, 495, 573, 

602 (Fig. 406). 
Cryptogamia, 218. 
Cryptogramme, 405. 
Cryptomeria, 466. 486. 
Cryptoneraia, 272. 
Cryptonerainae, 270, 272. 
Cubebs, 576. 
Cickoo-pint. 541. 
Cucubalus, 599. 
Cucumber, 628. 
Cucumis, 628 (Fig. 428). 
Cucurbita, 516, 628 (Fig. 

428). 
Cucurbitacese, 516, 574, 

627. 
Cudweed. C64. 
Cuuninghamia, 465, 485. 
Cuphea, 631. 
Cupressus, 466, 486. 
Cupressiuse, 486. 



CupressineiB, 466, 4.86. 

CapoliferfB, 273. 

Curare, 651. 

Curcuma, 562. 

Currant, 610. 

Cuscuta, 647, 648 (Fig. 

448). 
Cut-grass, 548. 
Cutleria, 257. 261. 
CutleriacefB. 257, 259. 
CyanophyceaB. 221, 231, 

321. 
Cyathea, 390, 406. 
CyatheaceaB, 379, 381, 391, 

405. 
Cyathodium, 338. 
Cyathus, 313, 318 (Fig. 

224). 
CycadaceaB, 463. 4S0. 
Cycas, 465, 480, 481 (Fig. 

303). 
Cyclamen, 653. 
Cyclanthera, 627. 
Cyclanthaceae, 538, 542. 
Cydonia, 634. 
Cymodocea. 553. 
CymodoceaB. 553. 
Cynara, 664. 
Cynareae, 664. 
Cynodon, 549. 
Cyuoglossum, 6.50. 
Cynomorium. 590. 
Cyperaceae. 512, 538, 550. 
Cyperus, 551. 
Cyphella, 316. 
Cypress, 486. 
Cypripedium,504.664 (Fig. 

369), 565 (Fig. 372). 
Cypripediinae, 566. 
Cystopteris, 3;^!, 405. 
Cystopus. 292. 
Cystoseira. 266. 
Cytinaceae, 573, 589. 
Cytineae. 589. 
Cvtiuus, 589. 
Cytisus. 636, 777. 

Daboecia, 655. 
Dacrydium, 466, 487. 
Dacryomyces, 313, 315. 
Dacryomycetes, 312, 315. 
Dacryomitra, 315. 
DactyUs, 549. 
Daedalea, 316. 
Daffodil, 568. 
Dahlia, 664. 
Daisy, 663 
Dalbergieae. 637. 
Daltouia. 371. 
Dama&onium, 555. 
Dame's Violet, 6J4. 
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Dammara, 465, 4S3. 

Damson, 633. 

DansBa, 383. 

])andelioD, 665. 

Danewort, 659. 

Daphne, 514, 620 (Fig.423). 

Darlingtonia, 607. 

Darnel, 549. 

Dasya, 267, 268 (Fig. 193), 

272. 
Dasycladeas, 240. 
Dasycladus, 240. 
Ddsylirion, 55S. 
Date, 534 (Fig. 345). 
Date Palm. 543. 
Datura, 509, 648, 649. 
Daturese, 649. 
Daucinees, 626. 
Daucns, 625, 626. 
DavaUia, 389 (Fig. 257), 

390, 405. 
Davallieae, 405. 
Deadly NIgbtshade, 649. 
Dead Nettle, 643. 
Delesseriji, 272. 
DelesseriacesB, 272. 
Delphinium, 496, 513 (Fig. 

328), 593. 
Dendrobium, 567. 
Dendroceros, 352. 
Dentaria, 604. 
) >erbe8ia, 233. 
DeruesieaB, 240. 
Desmarestia, 224 (Fig. 

160), 257. 
Desmarestiees, 257, 269. 
Desmidiees, 244. 
Desmids, 245. 
Desmodium, 637. 
DesvauxiacesB, 552. 
Deutzia, 639. 
Dewberry, 634. 
Diacalpe, 391. 
DiandrsB, 566. 
Dianthus, 515 (Fig. 330), 

599. 
Diapensia, 656. 
DiapensiacesB, 575, 656. 
Diarrhena, 547. 
Diatomaceas, 257, 258. 
Diatrype, 302. 
Diceutra, 508, 602 (Fig. 

405). 
Dicksonia, 390, 405. 
Dicotyledones, 462, 533, 

570. 
DIcranacese, 370. 
Dicranella, 370. 
Dicranum, 370. 
Dictamnus, 510, 614 (Fig. 

415). 



Dictyonema, 320, 321. 
Dictyopteris, 262. 
Dictyosiphon, 257. 
Dictyosiphonese, 257, 259. 
DictyosphsBria, 242. 
Dictyosphserium, 236. 
DictyosteliacesB, 235. 
Dictyota. 262. 
DictyotacesB, 257, 262. 
Dictyuchus, 294. 
Didymium, 284 (Fig. 198). 
Diervilla, 660. 
Digitalis, 644. 
Digitaria. 547. 
DionaBi, 603. 
Dioon, 4S1. 
DioscoreaceaB, 533, 538, 

560. 
Dioscorea, 560. 
Dioscoreales, 538, 560. 
DiosmesB, 614. 
Diospyros. 653. 
Diotis, 664. 
Dipholis, 496. 
Diplalenia, 526, 651. 
DiplocolobesB, 604. 
DIplomitriesB. 348, 351. 
Diplotaxis, 605. 
Dipsacese, 575, 661. 
Dipsacu8, 4if4, 661. 
Dipterix, 637. 
DipterocarpacesB. 573, 609. 
J)i8ciflor80, 574, 612. 
Dlscolichenes, 320. 
Discomycetes, 302. 
Discosporangium, 257. 
Diss>don, 370. 
Diuris, 563i 
Dock, 598. 
Dodder, 647. 
Dog's Mercury, 622. 
Dog's-tooth Grass, 549. 
Dog's-tooth Violet, 556. 
Dog- Violet, 607. 
Doronicum, 663. 
DothideacesB, 301. 
Doum Palm, 543. 
Draba,'603 (Fig. 407)^605. 
Dracunculus, 541. 
Dracssua, 535, 558. 
Dracaenoideaei. 558. 
Dragon's Tree, 558. 
Draparnaldia, 247i 
Dropwort. 632. 
Drosera, 608. 
Droseraoeaei, 573, 6018. 
Drosophyllum, 608. 
Dryas, 634. 
Dryobalauops, 609. 
Dry Bot, 316. 
Duck- weed, 641. 



Dudresnaya, 271, 272. 
Dumontia, 272. 
Dumoutiaceas, 272. 
Dumortiera, 337, 343. 
Durra, 548. 
Duvalia, 337, 342. 
Dwarf Elder. 659. 
Dwarf Wheat, 550. 
Dyer's Weed, 606. 

Earth-almond, 637. 
EbenaceaB, 575, 653. 
Ebenales. 575, 653. 
Ebouy, 653. 
Eccremocarpus, 646. 
Echeveria, 640. 
Ec)iiiioc4ctus, 629. 
Echinocloa, 547. 
Echinophora, 626. 
Echinops, 664. 
Echinopsis, 629. 
Echium, 496, 511. 650. 
EctocarpaceaB, 257, 25-'. 
EctocarpeaB, 257. 
Ectocarpus, 257, 259, 261 

(Fig. 187). 
Eglantine, 632. 
EhretoideaB, 650. 
Eichhornia. 559. 
Elachista, 257. 
Elachisteas, 257. 
Elasagnaceae. 574, 620. 
Elaeagnus, 620 (Fig. 424). 
Elais, 544. 
Elaphomyces, 301. 
Elaphoglossum, 405. 
Eiatereae, 351. 
ElatinHceae, 573, 609. 
Elatine. 609. 
Elder, 659. 
Elecampane, 664. 
Eletteria 562. 
Elm, 579. 
Elodea, 493, 560. 
Eluteria, 621. 
Elymus, 550. 
Elyna, 552. 
Emericella, 320. 
KmpetraceflB, 574. 623. 
Empetrum, 515, 623. 
Empleurum, 614. 
Encalypta, 370. 
EncalyptacesB, 370. 
Encephalartos, 464, 481. 
hnchanter's Nightshade, 

630. 
Encceliaceas, 257, 259. 
Endive, 665. 
Endoearpon, 320, 321. 
Endophylleae, 306. 
Endophyllum, 307. 
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Endosphsera, 236. 
EndosporeBB, 285. 
English Wheat, 550. 
Enteromorpha, 248. 
Entomophthoracese, 285, 

289. 
Entyloma, 308. 
Epacridaceas, 575, 655. 
Ephebe, 320, 321. 
Ephedra, 463, 471, 488. 
Ephemeracese, 368. 
Ephemeram, 330, 354, 365 

(Fig. 249), 368 (Fig. 

250). 
Epicbloe, 301. 
Epilobium. 507, 521 (Fig. 

334), 629 (Fig. 429). 
Epimedium, 497, 595. 
Epipactis, 457 (Fig. 29 A), 

566. 
Epipogium, 563, 566. 
Equisetaceas, 379, 380, 416. 
EquisetinsB, 217, 372, 379, 

416. 
Equisetum, 391 (Fig. 259), 

416(Fig.271),4l7(Fig. 

272), 419 (Fig. 273). 
Eranthis, 526, 593. 
Eremascus, 297 (Fig. ^06), 

300. 
Eremocarpus, 621. 
EremosphaBra, 236. 
Eremurus. 558. 
Ergot, 295. 302. 
Erica, 517. 655 (Fig. 455). 
Ericaceae, 503, 520, 575, 

655. 
Ericoles, 575, 654. 
Ericoideae, 655. 
Erigeron, 663. 
Eriobotrya, 635. 
Eriocaulon, 552. 
Eriocaulonaceae. 538, 552. 
Eriogonum, 597. 
Eriophorum. 551. 
Erodium, 612. 
Erophila, 605. 
Eryngium, 625. 
Erysimum, 604. 
Erysipheae, 276, 294, 299 

(Fig. 209), 301. 
Erythraea, 650 (Fig. 451). 
Eiythronium, 556. 
Erytbrotrichia, 272. 
ErythroxylaceaB, 574, 613. 
Erythroxylon, 613. 
Escallonia, 640, 
Escbsclioltzia, 601. 
Euastrum, 244 (Fig. 174). 
£u-callitriche, 623, 
Eucalyptus, 631. 



Eucharis, 568. 
Eachrysomyxa, 306. 
Euchylium, 321. 
Eucoleosporium, 306. 
Eudavallia. 405. 
Eudorina, 237: 
Eudorineae, 237. 
Eugenia, 631. 
Eumycetozoa, 285. 
Eu<mymu8, 618. 
Eupatorieae, 663. 
Eupatorium, 663. 
Euphorbia, 515, 621 (Fig. 

425). 
EuphorbiaceaB, 493, 570, 

574,621. 
EuphorbiesB, 492, 621. 
Euphorbiales, 574, 620. 
Euphrasia, 645. 
Eupodium, 383. 
Eurhynchium, 371. 
Euriccia, 342. 
Eurotiam, 295, 301 (Fig. 

211). 
Eusagus, 543. 
Eusporangiatae, 379, 381. 
Eustrobus, 485. 
Eutsuga, 4S4. 
Evening Primrose, 629. 
Evernia, 321. 
Bxidia, 313. 315. 
Exoascus, 300. 
Exobasidium, 313, 316. 
Exosporeas, 285. 
Eyebright, 645. 

Fabronia. 371. 
FabroniaceaB, 371. 
Fagaceas, 573, 582. 
Fagopyrum, 598. 
Fagra^a, 651. 
Fagus, 583. 
False Oat-grass, 549. 
Fatsia, 626. 
Feather-grass, 548. 
Fepatella, 337, 343. 
Fenugreek, 636. 
Ferns. 376, 378, 381. 
Fern-Royal, 406. 
Fescue-grass, 549. 
Festuca, 547, 549. 
Festuceas, 549. 
Fetid Yew, 487. 
Feuillea, 515, 516. 
FicoideaB, 600. 
Ficus, 578 (Fig. 379). 
Field Poppy, 601. 
Fig, 578. 
Figwort, 645. 
Filago, 664. 
Fjlices, ^80, 388. 



FilicinaB, 217, 372, 378,381. 
Filicinae Eusporangiatae, 

379, 381. 
Filicinae Leptosporangi- 

atae, 379, 381, 388. 
Fimbriaria, 336, 342. 
Fir, 481. 

Fissidens, 355, 370. 
Fissidentaceae, 370 
Fistulina, 313. 
Fitzroya, 486. 
Flag, 569. 
Flax, 613. 
Flax Dodder, 647. 
Fleabane, 664. 
Florideae, 272. 
Flowering Bush, 555. 
Fly Orchis, 666. 
Foeniculum,624(Fig. 426), 

625. 
Fontinalaceae, 371.- 
Fontinalis, 355, 369 (Fig. 

252), 371. 
Fool's-Parsley, 626. 
Forget-me-not, 650. 
Forsteronia, 526. 
Forsythia, 652. 
Fossombrouia, 343, 351.' 
Fouquiera, 609. 
Fourcroya, 568. 
Foxglove, 644. 
Foxtail-grass, 548. 
Pragaria, 634. 
Francoa, 507. 
Frankenia, 609. 
Frankeniaceae, 609. 
Frankincense-tree, 485. 
Fraxineae, 652. 
Fraxinus, 652 (Fig. 463). 
Freesia, 569. 
French Bean, 637. 
Freycinetia, 641. 
Fritillaria, 556. 
Frog's Bit, 660. 
Frullania, 343, 346 (Fig. 

245), 352. 
Fucaceae, 257, 266. 
Fuchsia, 607, 508 (Fig. 

323), 629 (Fig. 429). 
Fucus, 263 (Fig. 188), 264 

(Figs. 189, 190, 191). 
Fuligo. 285. 
Fumaria, 511, 601. 
Fumariaceae, 611,518, 573, 

601. 
Fumitory, 602. 
Funaria, 825 (Fig. 232), 

326 (Fig. 233), 328 

(Figs. 236, 237), 869 

(Fig. 251), 370 (Fig. 

263). 
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Fnnariaceee, 370. 
Fungi, 217, 220, 273. 
Funicularia, 342. 
FarcelUria, 272. 
Furze, 636. 

Gagea, 497, 558. 
Gaillardia, 664. 
Galactodeodron, 579. 
Galantlms, 493, 567. 
Galax, 656. 
Galegegp, 636. 
Galeopsin, 648. 
Galingale, 551. 
Galinsoga, 664. 
Galium, 658. 
Galtonia, 556. 
Gamopftalse, 575, 641. 
Garlic, 55"^. 
Gasteria, 558. 
GasteroUchenes, 820. 
Gasteromycetes, 312, 317. 
Gaultfaeria, 655. 
Gean, 633. 
Geaster, 318. 
Geissorhiza, 569. 
Gelidiaceas, 270, 272. 
Geli.iium, 272. 
Gelsemium, 651. 
Genista, 636. 
Oenisteee, 636. 
Gentian, 650. 
Gentiana, 509 (Fig. 324), 

650. 
GentianaceaB, 508, 575, 

650. 
Gentianales, 575, 650. 
GentianesB, 650. 
GeocalycesB, 348, 352. 
Geocalyx, 348. 
Georgia, 370. 
GeorgiaceBB, 367, 370. 
GerauiacesB, 503, 574, 612. 
Geraninles, 574, 612. 
Gesneraceas, 526, 575, 646. 
Geum, 495, 634. 
Geranium, 492, 612 (Fig. 

414). 
Gigartiua, 272. 
Gigartinacese, 270, 272. 
GigartininsB, 272. 
Gilia, 648. 
Ginger, 662. 
Ginkgo, 449 (Fig. 290), 463, 

471, 482, 487. 
Githago, 599. 
Giraudia, 257, 259. 
Gladiolus, 510, 569. 
Gladiolese, 569. 
Glass- Wort, 587. 
Glauciam, 601. 



Glaux, 604, 653. 
GleditBchia, 687. 
Gleichenia, 405. 
Gleicheniaceas, 379, 390, 

405. 
Globba, 562. 
GlobbeaB, 562. 
Globe -ttower, 593. 
Globe-Thistle, 664. 
Globnlaria, 643. 
GlobulariaceaB 575, 643. 
Gloeocapsa, 232 (Fig. 163). 
Gloeosiphonia. 268, 272. 
Gloeosiphoniacese, 272. 
Gloriosa, 557. 
Gloxinia, 512, 646. 
Glumales, 537, 538. 545. 
Glumiflorae, 538, 545. 
Glyceria, 549. 
Glycine. 637. 
Glycyrrbiza, 636. 
Gljptostrobus, 463, 486. 
Gnaphalium, 664. 
Gnetaceae, 463, 480, 488. 
Gnetum, 463, 488.- 
Gnidia, 620. 
Goat's-beard, 665. 
Golden Rod, 663. 
Gold- of -pleasure, 605. 
Gonatonema. 246. 
(ionium, 237. 
Goodyera, 567. 
Gooseberry, 640. 
Goose-foot, 587. 
Gorse, 636. 
Gossypium, 612. 
Gout-Weed, 626. 
Gracilaria, 272. 
Graminaceae, 512, 538, 

545. 
Granateie, 632. 
Graodinia, 316. 
(irape-Hyacinth, 556. 
Grape-Viue, 619 
GraphideaB, H22 (Fig. 231). 
(irdphis, 320, 323 (Fig. 

231). 
Grasses, 545. 
Grass of Parnassus, 639. 
Grass-Wrack, 653. 
Grateloupia, 268, 272. 
Grateloupiaceae, 272. 
Gratiola, 644. 
Great Burnet, 633. 
Green -weed, 636. 
Grevillea, 686. 
Grififithsia, 272. 
Grimaldia, 337, 342. 
Grimmia, 370. 
Grimm iacese. 370. 
Gromwell, 650. 



Ground Ivy, 643. 
Ground-nut, 637. 
Groundsel, 663. 
Grubbia, 519. 
Guaiacum, 614. 
Guarea, 615. 
Guelder Rose, 659. 
Guepinia, 315. 
Gunnera, 630. 
Gutta-percha. 653. 
Guttiferae, 609. 
Guttiferales, 573, 608. 
Guttuiineae, 285. 
Gymnndenia, 665 (Fig. 

371). 
Gymnadenieap, .'>66. 
Gymnoasceae, 300. 
Gymnoascus, 294, 300. 
Gymnogramme, 395. 
Gymnogrongrus, 272. 
Gymnomitrieae, 352. 
Gymnomitrium, 352. 
Gymnospermae, 217, 463. 
Gymnosporangium, 307. 
Gymnostomum, 369, 370. 
Gynandropsis, 495. 
Gynerium, 549. 
Gyrocepbalus, 315. 
Gyromitra, 303. 
Gyrophora, 322. 

Habenaria, 566. 
Haemadoraceas, 604. 
Haemanthus, 493. 
Haematococcus, 237. 
HaBmatoxylon, 637. 
Hair-grrtss, 549. 
Halarachnion, 268. 
Halesia, 653. 
Halidrys, 266. 
Halimeda, 238, 240. 
Halopbila, 493, 504,520, 

560. 
Halophileae, 560. 
Haloragidaceae, 574, 630. 
Ualosphaera, 236. 
Halymenia, 268, 272. 
Hamamelidace8B,o74, 641. 
Hamamelis, 508, 641. 
HaploniitrieaB, 351. 
Haploraitrium, 333, 344, 

351. 
Haplospora, 262. 
Hard Fern, 405. 
Hard Wheat, 560. 
Hare-bell, 657. 
Hart's-tongue Fern, 405. 
Havers, 549. 
Hawk's-beard, 665. 
Hawkbit, 665. 
Hawkweed, 665. 
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Htwlhorn. 631. 
Hazel, 581. 
HMTt's-etue. 60fi 
He ithcr. 63j. 
Haduri, G26. 



p. Bi>I. 



Ili^il 



HgdfiareEe. 63 fl 



H«liaiith«nuii). Itfl.t. 
Balwatboidc*. liiii. 
HtlMatbna. fi54. 
HtlioDDJ*, S6l. 
BcliooniMn. SA 
ReliolrDpianl i^oO. 
Hellelxime, 59 1. 
Belleb..rine4. 6«>. 
Helleborua. 5'J:) ( Fia. 8171. 
Hslminlbouloiliiieeii.-. -JGT, 



Haoi'Woaaliis. 411 i. fijS. 
UfoiitElia 3dl,403. 
lie ml....)., i;-_'.l. 
Hemlock Fir, 4S4. 
Hemj), &7d. 
Hemp AgnmonT. GG3. 
Hemp Nettle. 643. 
Hemp tree. f>43. 
HenlMue. U4!l. 
Hep^icte. ^17. 3ii. 3i3. 

H..I.1 336 

Herb , 5y.t. 

Htrb Pdtis, Si'J. 
Herb Itubeil, <>12. 

Barniiiria. VOD. 

UlMIirtU. GU4. 
Heteropuccitii*. 301. 
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Hippnris, S30 (Fig. 430). 

HirtelliDffi, 633. 

Hulaut. 619. 

Holly. 619. 

Holly Fern, 403. 

Holljbock, 6ia. 

HoloBteuiD. 699. 

llon.,lj.iii3. 

Hon«y.ijras?. 519. 

Horiejriimjkle. fibO. 

Huokeria. 371. 

Hoakerinceee. 371. 

limped. i'ettico.itD.ifFoi]il. 
69«. 

Hop, S7(i (Fig. 3901. 
: Horleu.., 5l9, 
I H >rJeum, SdO. 
I Horehound, 641. 
I Horinidiu'D, 247. 
' llonnotila. 231. 

Hxrnbeun 315, 5S3. 

H..ruB,l i'jn *Bei, 533. 

Horned I'oppy (10 - 

Hor»o0h..8tniit. Old. 

Horsa-radieh. GO j. 

HorM.elioe TeUb, 637. 

Horse-tail 416. 
{ Hdteia. 039. 

Hotloiiia. hS4. 

HoaiiJ*B-ton.(iie, 650. 

Hoaie-leek, 610. 
! HuDUarnia. £76. 
' Hoya, 65 J. 
, Humulus, S78 (Fig. 380). 



Hjmen-ilepi!, 392. 
Hjme'.oliehenes. 320. 
Hymeaotnycetea, 312,315. 
HyoK^iiopliTliaoeffi, 379, 

3il. 390, 401. 
UyaiBuopliyllum, 393.401. 
Hj'Dianopljytoii, 331. 
Hyruenustomum. 3:iU 370. 
Hyoscy-im w, 609. 649- 
Hypecjum, 601. 
Hypenantron, 343. 
Uyperioiceaa, 318. 673. 

60i. 
Byperioum, fl08 (Fig. 411). 
Hyphnue, 513. 
Hypnaoeie. 371. 
Uypnea, -Jli. 
Hypnnm. 3.59. 371. 
Hypocheerie, 66i. 
Hjpoclmua, 316. 
HjpoBlivlriew. S86. 
HypocreaoPB, 301. 
HvprnKldideiB. 56S. 
Hvpoi.vlod, 301. 
11, .s.,,, 1143. 
H»s.pus, 643. 



' Hut 



.621. 



I, ro5. 



■ Hydoeffi, 31J, 316. 



Heiapo, 



HilJch brail Itia, 273. 
Hiiiiaii[lie;ia,HI,2('i6(Fijit. 



IIvJuhU 
Jl\.lr..ai 
Uy.ir.^pl 



Iridins. 369. 
IridloidetB 569. 

i....-r,'=iFiK-S73). 



Isatis, 603 (Fig. 407), 60.3. 
Isnardia. 603. 630. 
Uo«nc^Bj. 379, 3«. 3i4. 
Isoetas. 373, 333 (Fij!. 

[sonind'r*. 501. 653. 
It'ivphallus, 319. 
Ivv, 626. 
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Ixia, 569. 
IxifSB, 669. 
Ixioidees, 569. 

Jacob's Ladder, 648. 
Jalap, 588. 

Jambosa, 631 (Fig. 432). 
Jasione, 657. 
JaFmineaB, 65*2. 
Jasminum, 506 (Fig. 320), 

653. 
Jatropha, 621. 
Jerusalem Artichoke, 664. 
Jointeil Pipewort, 552. 
Jonquil, 568. 
Jubuleae, 350, 352. 
Judas-tree, 637. 
JuplandacesB, 573, 584. 
Juglaii**, 515, 584 (Fig. 

389). 
Juncacese, 492, 538, 5:'9. 
Juncnf^inaceas, 620, 538, 

554. 
Jnncu«, 659. 
June Berry, 635. 
JniigermunDia, 3.">2. 
JuDgermanniaceffi, 325, 

336, 343. 
Jnngermannieee, 352. 
Juniper, 486. 
JuniperinaB, 486. 
Junipprus, 464, 477 (Fig. 

302), 4*^6 (Fig. 307). 
Justicia. 646. 
Jute, 610. 

Kalmia, 655. 
KaulfuRsia, 383. 
Kauri Gum-tree, 483. 
KerriA, 632. 
Kidney-Vetch. 63C. 
Knapweed. 664. 
Knautia, 661. 
Knawel, 600. 
Kniphofia, 558. 
Knot-grass, 693. 
Kobresia, 652. 
Koeleria, 549. 
Kcenigia, 69S. 
Kohl-rabi, 604. 

Labiatiflorse, 0''4. 
Labiates, oiO, 518, 575, 

642. 
Lachenalia, 556. 
Lactarius, '-^74, 317. 
Lactuca, 665. 
liadies' Fingf-rs, 630. 
Lady Fern, 405. 
Lady's Mantle, 633. 
Lady's Slipper, 566. 



Lady's Tresses, 567. 
Lagenidium, 290. 
Lainb*8-lettuce, 661. 
Lamb's Succory, 665. 
Lamiales, 575, 641. 
Laminaria, 223 (Fig. 

169), 267. 
LaminariaoeaB 257, 250. 
Lamiura, 642 (Fig. 443), 

643. 
Lamprothamnus, 255. 
Laudolpbia. 651. 
Lapageria, 559. 
Lapeyrousia, 569. 
Lapsana, 666. 
Larch, 484. 
LHrdizalhese, 695. 
Larix,463. 484. 
Larkspur, 593. 
Lasioidene, 540. 
Lastra'a, 405. 
Lathraea, 64B. 
fiathyrus, 637. 
Latisept83, 605. 
Laudatea, 320. 
Lanra^esa, 619, 573, 696. 
L lurencia, 272. 
Lanrocerusus, 633. 
Laurustiuus, 669. 
Laurus, 696 (Fig. 400). 
Lavandula, 642. 
Lavatera, 502. 
Lavender, 642. 
Lecanora, 322. 
Lecanorr 88, 322. 
Lecidea, 320, 322. 
Lecidf acees, 322. 
LecytbidacesB, 631. 
LecythidesB, 631. 
Leek, 568. 
Leersia, 643. 

LegnminosBB, 506, 574, 635. 
Lejeunia, 344, 352. 
Lemanea, 268, 271, 272. 
Lemaoeaceee, 267, 272. 
Lemna, 641 (Fig. 360). 
Lemuaceas, 637, 538, 511. 
Lemon, 615. 
Lempholemma, 321. 
Leniioacese, 656. 
Lens. 637. 
LeutibulariacesB, 575, 614 

(Fig. 444), 647. 
Lentil, 637. 
Lenzites, 313, 317. 
Leontodon, 665. 
Leonurus, 643. 
Lepidineee, 605. 
Lepidium, 605. 
LepidocaryinaB, 543. 
Lepidozia, 314, 352. 



Lepigonum, 599. 
Lepiota, 312, 317. 
Leptodon, 371. 
Leptogium, 321. 
Leptogonnm, 593. 
Leptolegnia, 293. 
Leptophyllis, 272. 
Leptopuccinia, 307. 
Leptospermees, 631. 
LeptosporangiatsB, 379, 

381, 388. 
Leptothrichieae, 282. 
Leptothrix, 281, 282. 
Leptouromyces, 307. 
Lebkea, 371. 
Lesser Celandine, 593. 
Lesser Dodder, 647. 
Lettuce, 666. 
Leuce, 585. 
Leucobryaceae, 370. 
Leucobryum, 367, 670. 
Leucodon, 371. 
Leucojum, 493, 567. 
Leuconostoc, 282. 
Leucostegia, 405. 
Lewisia, 600. 

Leycesteria, 669 (Fig. 460). 
Libertia, 569. 
Libocedrus, 486. 
Lichems, 273, 319. 
Lichina, 320, 321. 
Lignum VitaB, 614. 
LigulitioraB, 665. 
Ligusticum, 626. 
Ligustrum, 652. 
Lilac, 652. 
Lilaea, 654. 
Liliaceas, 638, 556. 
Liliales, 638, 556. 
Lilioideas, 556. 
LiUum, 605 (Fig. 319), 508 

(Fig. 322), 517 (Fig. 

331), 523 (Fig. 3o7; 

556. 
Lily, 499 (Fig. 313), 556. 
Lily of the Valley, 558. 
Lime, 615. 
Lime-tree, 610. 
Limnantbemum, 651. 
Liiunochariij, 655. 
Limoselia, 644. 
Liuaceae, 496, 574, 613. 
Linaria, 511, 614. 
Ling, 656. 
LinnaBa, 660. 
Linum, 613. 
Liparidinas, 567. 
Liparis, 563, 567. 
Liquidambar, 641. 
Liriodendron, 591. 
Listera, 567. 
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Anemopbiloas, 458, 471. 
AngiocarpoQB gonidiophore, 812. 
ADgustiseptal Bilicala, 604 (Fig. 407). 
Annual plants, 461. 

rings, 197 (Fig. 149), 207. 
shoots, b9. 
Annular yessels, 104 (Fig. 58). 
Annulus. 810 (Fig. 222), 868 (Fig. 251), 

898 (Fig. 258). 
Anterior, 499. 
Anthela, 498. 

Anther. 482 (Fig. 281), 516. 
Antheridial cell, 448 (Fig. 289). 
Antheridiophore, 84, 887. 868, 876. 
Antheridium, 8, 88, 189 ; 229, 285, 288 

(Figs. 168, 169), 248 (Figs. 178, 

179), 253 (Fig. 181), 266 (Fig. 

191), 268 (Figs. 194. 195) : 826 

(Figs. 288. 284) : 876 (Fig. 266), 

418 (Fig. 270) : 450. 
Anthooyanm, 114. 
Anthophore, 494, 599 (Fig. 408). 
Anticlinal, 145. 
Antipetalous, 498. 
Antipodal cells. 451 (Fig. 292). 
Antisepalous, 498. 
Apex, 7, 17. 
Apical cell, 18 (Figs. 7, 8), 147 (Figs. 

112, 118, 114). 
Aplanogamete, 225, 256, 291. 
Apocarpous, 521, 529 (Fig. 840). 
Apogamy, 87, 878, 768, 772. 
Apophysis of Moss-capsule, 861. 

of Pinus, 485. 
Apospory, 87, 863, 878, 768, 772. 
Apostrophe, 686 (Fig. 469). 
Apothecium, 299. 
Apposition, growth by. 762. 
Aqueous tissue, 161, 164. 
Archegoniophore. 84, 887 (Fig. 240), 

363, 876, 402. 414. 
Archegonium,8,88,2l8; 826(Fig.285) ; 

876, 400 (Fig. 267), 415 (Fig. 

270); 452, 476 (Figs. 801, 802). 
Archesporium. 78, 189, 881, 860, 898, 

433, 437. 
Arcbicarp, 83, 220, 276, 296 (Fig. 207). 
Aril (or arillns), 459, 470, 437 (Fig. 

308). 594, 596 (Fig. 401), 621. 
Arillode, 459, 618. 
Arista, 546. 

Arrangement of lateral members, 23. 
Ascidium, 57 (Fig. 37), 607 (Fig. 410), 

690. 
Ascocarp, 75, 88, 275, 294 (Figs. 206, 

209, 211). 
Ascogenous hypbae, 299 (Fig. 211). 
Ascogonium, 277, 296 (Figs. 208, 211). 
Ascospore, 278, 298 (Figs. 209, 211). 
Ascus, 88, 278, 298 (Figs. 206, 209, 

211). 



Asexual formation of spores, 69, 769. 

reproductive cells, 2, 68. 

reproductive organs, 70. 
Ash, 694, 709. 
Asparagin, 707, 724, 727. 
Assimilation, 667, 674, 716. 
Asymmetry, 18, 512 (Fig. 328). 
Auricula, 847 (Fig. 245). 
Auriculate, 48 (Fig. 29). 
AutoeciouB, 807. 
Automatism, 667, 670. 
Autumn-wood, 198 (Fig. 150). 
Auxospore, 258. 
Awn, 461, 546 (Fig. 855), 612. 
Axial cvlinder, 171, 682. 
Axial placentation, 525. 
Axil, 31. 

Axillarv branching, 81. 
AxUe placentation, 524 (Fig. 388). 
Axis, 7, 28, 27 (Fig. 15). 
Azygospore, 246, 288, 290, 771. 

Bacca, 532. 

Bacterioids, 718. 

Balsam, 1.S8. 

Bark, 211 (Fig. 156). 

Basal waU, 15, 329, 340, 860, 872, 883, 

897, 419, 424, 429, 442. 
Base 7. 
Basidio'gonidium, 278, 312 (Figs. 219, 

220, 223). 
Basidium, 811 (Figs. 219, 220, 223). 
Basitixed anther, 516. 
Basipetal development, 28. 
Basitonous, 564. 
Bast, 170 (Fig. 183), 181, 199. 

hard, 199. 

soft, 199. 
Bastard, 457. 

Bast-fibres, 188, 181, 199 (Fig. 148). 
Benzoic aldehyde, 709. 
Berry, 582. 

Biciliate cells, 102, 826, 880. 
Biennial plants, 462. 
Bifurcation, 83. 
Bijugate, 52, 407. 
Bilabiate, 511, 641. 
Bilateral symmetry, 8. 
Bilocular anther, 519. 
Bipinnate, 52. 
Biseriate perianth, 512. 
Bisexual, 87. 
Biternate, 53. 
Blade of leaf, 45, 49. 
Bleeding, 701. 
Bloom on plants, 155. 
Body, 1, 89. 

septate or unseptate, 89, 220, 
222, 273. 
Bordered pits, 104 (Figs. 62,63), 129 
(Fig. 88), 204. 
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Bostrychoid dichotomy, 33 (Fig. 18). 
Bostryx, 36, 492. 
Bract, 59, 79, 493. 

function of, 691. 
Bracteole, 79, 493. 
Branches, adventitious, 21, 190, 345. 

development of, 184, 186. 
Branching. 5. 

axillary, 31. 

dichotomons, 19 (Fig. 8), 33. 

extra-axillary, 31. 

lateral, 19, 34. 

of leaf, 51. 186. 

of root, 62, 186 (Fig. 142). 

of shoot, 31, 181. 
Branch-systems, 32 (Figs. 18, 19, 20). 
Bromine, 716. 
Bud, 20 (FiR. 9), 31, 59. 

adventitious, 190. 
Budding, 767. 
Bud-scales, 20. 59. 
Bulb, 40 (Fig. 22), 68. 
Bulbil, 40, 68, 254, 355. 425. 
Bundle, vascular, 170. 

bicollateral, 175. 

cauline,171. 

closed, 177. 

collateral, 174. 

common, 171. 

concentric, 173, 175 (Fig. 184). 

conjoint, 170. 

cortical, 173. 

medullary, 173. 

open, 177. 

phloem., 137, 173, 175. 

xylem-, 175. 

longitudinal course of, 171. 

structure of, 180. 

termination of, 183. 
Bundle-sheath (endodermis), 182 (Fig. 

139). 
Bursicula, 565. 

Calcium, 714. 

carbonate, 108, 729. 
oxalate, 108 (Fig. 65), 113 (Figs. 
71. 72) : primary and secondary, 
729. 
Callus, 21,' 190, 214 (Fig. 158). 

of sieve-tubes, 136 (Figs. 97, 99). 
Calyculus (epicalyx), 496. 
Calyptra. 88, 328 (Fig. 237), 333, 362. 
364 (Fig. 248), 371 (Fig. 254), 
425. 
Calyx, 79, 494. 

Cambium, 177, 181 (Fig. 1.S9), 191 
(Figs. 143, 145), 194, 198 (Fig. 
149), 202. 
Cambium-ring, 191 <Fig. 144), 200, 204. 
Campanulate, 514. 
Campylotropous ovule, 437 (Fig. 284). 



Cane-sugar. 708, 724, 727. 
Caoutchouc, 709. 
Capiliitium, 284 (Fig. 198), 319. 
Capitate hairs, 64. 
Capitulate raceme, 491. 
Capitulum of Charoideee, 252. 

inflorescence, 490 (Fig. 309), 661 

(Fig. 466). 
Capsule of Bryophyta, 71, 329, 334, 

860 (Figs. 248-254). 
Capsule, a fruit, 531 (Figs. 342, 313). 
Carbohydrates, 708, 727. 
Carbon, 710. 
Carbonaceous food, 273. 
Carbon dioxide, absorption of, 710, 716. 

evolution of, 725, 726, 728. 
Carcerule, 530,532. 611 (Fig. 413). 
Carina, 635 (Fig. 435). 
Carinal cavity, 153, 418 (Fig. 273). 
Carnivorous plants, 689, 710, 729. 
Carpel, 78, 432, 468, 521. 
Carpellary flower, 432, 515. 
Carpogamy, 225. 275. 
Carpogonium. 228, 268 (Fig. 194). 
Carpophore, 523 (Fig. 341). 
Carposporangium, 88, 230, 269 (Figs. 

194, 195). 
Carpospore, 69, 229, 267, 271. 
Caruncle, 460, 621. 
Caryopsis, 530, 5 45. 
CataboUsm, 667, 669, 721. 
Cataphyllary leaves (Cataphylls), 58, 

378, 417, 691. 
Catkin, 493, 581 (Figs. 384-389). 
Caudicle, 564. 
Caulicle, 412. 

Cauline vascular bundles, 171, 206, 683. 
Cell, 4, 89, 93 (Fig. 46). 
Cell-contents, 108. 
Cell- division, 119 (Fig. 78). 
Cell-formation, 114 (Figs. 74-85). 
Cell-plate, 123 (Figs. 81-83). 
Cell-sap, 93, 113. 
Cell-wall, 90, 93, 103. 105. 

growth of, 103, 762. 
Cellular structure, 90. 
CeUulose, 93, 103, 106, 708, 727. 
Centrosome, 97. 
Centrosphere, 95, 97 (Fig. 49). 
Chalaza, 436 (Fig. 284). 528. 
Chalazogamic fertilisation, 523. 
Chalk-glands, 137 (Fig. 100), 730. 
Chambered fibres, 133. 

ovary, 522 (Fig. 336). 
Chemical composition of plants, 706. 
Chemical effects of light, 673, 717. 
Chemiotaxis, 755, 774. 
Chlamydogonidium, 274, 289, 313. 
Chlorine, 713. 
Chlorophyll, 97. 
-corpuscle, 100. 



iih^ 



808 



INDEX, PART II. 



Chloropbyll, development of, 678. 

fuDctioQ of, 717. 

•spectrum of, 717. 
Cbloroplastids, 97 (Figs. 50. 52, 53). 

functiouB of, 98. 

moTementg of, 686 (Fig. 469). 
ChloroplastiD, 97. 
Chlorotic, 713. 
Chromatin, 96. 

Chromatophore, 97 (Fig». 64, 55). 
Cbromoplastid, 97, 101 (Fig. 56). 
Chromosomes, 119, 771, 781. 
Cincinnal dichotomy, 33. 
Cineinnus, 36, 492. 
Cilium, 69, 102, 115 (Figs. 74, 75), 

736. 
Circinate vernation, 60, 390, 480, 742. 
Circulation of protoplasm, 733. 
Citric acid, 708. 
Classification, 216. 
Claw, 514 (Fig. 330). 
CleiBtogamous dowers, 453, 607, 618. 
Cleistothecium, 299 (Fig. 209). 
Climbing plants. 43, 685, 743, 759. 
Clinostat, 762, 760. 
Closed vascular bundles, 177. 
Cobalt, 710. 
Coccus, 529, 611, 621. 
Coenobium, 92, 222. 218. 
Ccenocyte, 69, 90, 99 (Fig. 53), 142. 
Cohesion, 36 (Fig. 21), 514, 518, 521. 
Coleoptile, 535 (Fig. 346). 
Coleorhiza, 446, 535 (Fig. 346). 
Collateral vascular bundles, 173 (Fig. 

133). 
Collenchyma, 132 (Fig. 91), 160. 
Colleter, 144, 691. 
Colony, 222. 
Colouring-matters, 708. 
Columella, 284, 331, 361 (Figs. 251, 

253). 
Column. 495. 

Combined effects of stimuli, 757. 
Common bundles, 171, 206. 
Companion-cell, 137 (Fig. 97), 679. 
CompaHS-plants, 749. 
Compound inflorescences, 490, 492. 
Compound leaves, 52. 
Concentric arrangement of bundles, 

175 (Fig. 134). 
Conceptacle, 85, 264, (Figs. 189, 190). 
Conditions of movement. 760. 
Conducting tissue of style, 523. 

-sheath, 705. 
Conduplicate vernation. 60, 407, 742. 
Cone, 77, 417, 422, 427, 467, 482 

(Figs. 304, 305). 
Conical root, 63. 
Coniferin, 708. 
Coniin, 7u7. 
Conjoint bundle, 170. 



Conjugation, 80, 118 (Fig. 76), 237 

(Fig. 167), 244 (Fig. 173), 245 

(Fig. 175). 
Conjunctive tissue, 161, 166, 200. 
Connate, 48 (Fig. 29). 
Connective, 516. 
Contact-stimuli, 742. 
Contorted vernation, 60. 
Contractile vacuoles, 736. 
Contraction of protoplasm, 764. 
Convolute vernation, 60, 742. 
Copper, 716. 
Cordate, 54. 
Cork, 210 (Fig. 155). 
Corm, 40, 68. 
Cormophyte, 5. 
Corolla, 79, 494. 
Corona, 66, 515. 

of CharacesB, 252. 
Cortex, 169, 207, 213. 
Coi^mb, 493. 
CostSB, 624. 
Cotyledon, 16, 46, 57, 372, 444 (Figs. 

286, 287), 475 (Fig. 300), 633, 

670 (Fig. 374). 
Crenate, 64. 
Cross-fertilisation, 774. 
Cross-pollination, 453. 
Cruciate tetragonidia, 267. 
Crystalloids, 111 (Fig. 68), 707. 
Crystals, 108 (Fig. 65), 113 (Figs. 71, 

72). 
Culm, 44. 
Cupule, 66, 328, 337 (Fig. 240), 340, 

360. 
of Phanerogams, 628, 683 (Figs. 

387, 388). 
Cuticle, 166. 

Cuticularisatlon of cell-wall, 106, 132. 
Cutin, 106. 
Cyathium, 622. 
Cycle, 26. 
Cyclic flower, 496. 
C}clo6is, 251, 732. 
Cyme, 492. 

helicoid, 36, 492. 
scorpioid, 36, 492. 
Cymose branching, 34 (Fig. 19). 

inflorescence, 492. 
Cypsela, 530. 
Cystidium, 312 (Fig. 223). 
Cystocarp, 75, 88, 226, 267 (Fig. 194). 
Cystolith, 108 (Fig. 66), 577, 729. 
C^to-hyaloplasm, 95. 
Cytoplasm, 95, 117. 
Cytoplastin, 95. 

Daily periodicity of growth, 745 (Fig. 

480). 
Day -position, 689. 
Deciduous, 22. 
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Decussate arrangement of leaves, 25. 
Deferred shoots, 32. 
Definite iofloresceuces, 492. 
Definitive nucleus, 451. 
Dehiscence of anther, 520. 

of fruits, 531. 

of sporangium, 74. 
Dehiscent fruits, 460, 531. 
Dentate, 54. 

Dermatogen, 116 (Fig. 110), 149, 154. 
Desmogeu, primary, 151, 176. 

secondary, 202, 203 (Fig. 153). 
Development of body, 13. 

of branches of roots, 186. 

of leaves, 185. 

of secondary members, 184. 

of hairs, 188. 

of emergences, 188. 

of reproductive organs, 188. 

of adventitious members, 189. 
Dextrin, 708, 724. 
Dextrose, 724. 
Diadelphous, 518. 
Diageotropism, 685, 688, 751. 
Diagonal plane of flower, 499. 
Diagram, floral, 498. 
Diaheliotropism, 685, 688, 748. 
Diaphragm, 414, 430. 
Diarch stele, 179, 386, 428. 
Diastase, 724. 
Diastole, 736. 
Dichasial cyme, 492. 
Dicbasium, 35 (Fi^. 20), 492. 
Dichlamydeous, 512. 
Dichogamy, 454. 
Dichotomy, 19 (Fig. 8), 33 (Fig. 18), 

184 (Fig. 140). 
Diclinous, 87, 325, 358. 
Dicyclic, 501. 
Didynamous, 518. 
Differentiation of tissues, 92, 175, 177, 

202. 
Digestive sac, 188. 
Digitate, 381. 
Dimorphic plant, 3. 
Dimorphism, 455. 
Dioecious, 86, 325. 
Diplotegium, 531. 
DiplostemoDOus, 501. 
Directive effect of light, 674, 747 (Fig. 
481). 

of gravity, 751. 
Disc, 526. 

Dissected leaves, 54. 
Dissemination of seed, 460. 
Dissepiment, 522. 

false or spurious, 522, 603. 
Dissimilar secondary members, 31. 
Dissipatiou of energy, 731. 
Distichous arrangement, 29 (Fig. 16). 
Distractile anther, 517 (Fig. 331). 



Distribution of water and other sub- 
stances, 700. 
of organic plastic substances, 705. 

Diurnal and nocturnal positions, 689 
(Figs, 470, 471). 

Diurnal sleep of leaves, 689. 

Divergence, 24. 

Dormant buds, 32. 

Dorsal suture, 521. 

Dorsifixed anther, 517 (Fig. 331. 

Dorsi ventral arrangement, 29 (Fig. 17). 

Dorsiventralitv, 9 (Fig. 2), 11 (Fig. 3), 
13, 510* (Figs. 326, 327). 

Druble flowers, 502. 

Drepanium, 36, 492. 

Drupe, 532 (Fig. 344). 

Drupel, 632. 

Duct, 139. 

Duplication, 501. 

Duramen, 199, 677. 

Dwarf-males, 249 (Fig. 178). 

Dwarf shoots, 39. 

Ectoplasm, 95. 

Egg-apparatus, 451 (Fig. 292). 

Elater, 74, 331, 418. 

Elementary' constituents of the food 
of plants, 710. 

Eleutheropetalous, 514. 

Eleutherophyllous, 514. 

Eleutherosepalous, 514. 

Emarginate, 54. 

Embryo, 13. 

Embryo-cell, 441. 

Embryogeny, 13. 

heteroblastic, 14, 254, 271. 
holoblastic, 13, 441. 
homoblastic, 13. 
meroblastic, 13, 254, 441, 471. 
of Bryophyta, 329, 334, 360: of 
CharoideeB, 254 (Fig. 182): of 
Gymuosperms, 471 (Figs. 298, 
299) : of Phanerogams, 440 
(Dicotyledons, Fig. 286 ; Mono- 
cotyledons, Fig. 287) : of Pteri- 
dophyta, 372, 397 (Figs. 262, 
263, 264), 412, 423 (Figs. 275, 
276). 429. 

Embryonal tubes, 472 (Fig. 299). 

Embryonic branches, 68, 255. 

Embryo-sac, 70, 438(Figs.285,291,292). 

Emergences, 64, 66, 188. 

Emulsin, 724. 

Enantioblastic, 552. 

Endocarp, 460, 629 (Fig. 344). 

Endodermis, 132, 152, 159, 165 (Fig. 
127), 166 (Figs. 128, 129), 678. 

Endogenous development, 21, 186, 345. 

Endoperidium, 318. 

Endophytic, 233. 

Endopleura, 459. 
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Heteroclinoufl, 858. 
Heterocyclic, 500. 
Heterocyst, 232 (Fig. 164). 
Heteroeciftm, 804. 
Heterogamy, BO, 225, 27ft. 
Heteromeroas licheQ-tliallat, 821. * 

floral whorls, 500. 
Heterophylly, 57, 390, 427, 463, 486 

(Fig. »0«). 
HeterosporouH, 70, 875, 880, 431. 
HeterDstylism, 455. 
Hilum, 437. 

Histological (HfTerentiation, 92. 
HifltoloKy, 89. 

of GymnospernuD, 464. 

of l^hanerogamia, 440. 

of Ptcridophyta, 374, 896, 412, 
41S. 422.420, 42H. 

of tho development of secondary 
men)l>erH, 184. 
HoloblaHtic (•nibryoKeny, 13, 441. 
Holocarpic, 2M\, 2U0. 
Hoiuoblarttic einbryogeny, 13. 
HomochlamydeouH, 512. 
Homoiomeroas lioben-thallus, 321. 
Houiologv, 1. 

Homosporous, 70, 375, 880. 
Hook-climbers, r»85 
Hormogonium, 232 (Fig. 165). 
Host. 711. 
Humus, 710. 
Hybrid. 457, 776. 
Hybridisation. 457, 775. 
Hydrogen, 710, 712. 
Hydrotropism, po<»itive, 683. 
Hymenial layer. 299, 310. 
Hymenophore, 310, 316 (Figs. 221, 222). 
Hymenium, 310 (Figs. 219, 223). 
Hypha, 92, 273. 
Hypobasal cell, 15, 329, 872. 
Hypocotyl, 446. 
Hypoderma, 160. 
Hypogean cotyledons, 446. 
Hypogynous, 495 (Fig. 310). 
Hyponasty, 60, 742. 
Hypophysis, 444. 
Hypopodium, 45. 
Hypsophylls, 59, 76, 431. 
Hypsophyllary leaves, 57 (Fig. 36), 69, 
76, 691. 

Ice, formation of, 672 (Fig. 467). 

Id, 782. 

Imbibition theory, 704. 

Imparipinnate, 52 (Fig. 32). 

Incubous leaves, 346 (Fig. 245). 

Incumbent, 604. 

Indefinite inflorescences, 490. 

lodehiscent fruits, 460. 

lodigo, 708. 

Induced movements, 742. 



•^ • 



ludnsiam. 72 374, 391. 

inferum. 391. 

laterale, 391. 

super um, 391. 
Inferior ovary, 495. 
Inflorescence, 76, 431, 490. 
Infandibuliform, 614. 
Initial cells, 145. 
Innate, 516. 

Innovation, 39, 3 )6, 370. 
Innovation -shoot, 36. 43. 
Inorganic ash of plants, 709. 
Inorganic compounds. 706. 
Insertion of leaves, 21. 
Integument. 72. 
Intercalary growing-point, 17 (Fig. 7), 

22 (Fig 10). 
Intercalary growth, 223 (Fig. 169), 224, 

(Fig. 160). 
Intercellular spaces, 130 (Fig. 89). 

lysigenous, 130. 

schizogenons, 130. 

substance, 128. 
Interfascicular cambium, 191. 

conjunctive tissue, 166, 170. 
Internal hairs, 133. 
Internode, 21. 
Interruptedly pinnate, 62. 
Interstitial growth, 16. 
Intine, 69, 117, 434. 
Intra-seminal development. 440. 
Intra- stelar tissue, 151, 166. 
Introrse, 520. 
Intussusception, 762. 
Inulin, 114 (Fig. 73), 703. 
Invert-enzyme, 724. 
Involucel, 491. 
Involucral leaves, 357. 

scales 33S. 
Involucre, 79, 325, 33S, 491 (Fig. 309), 

691. 
Iodine, 716. 
Iron, 713. 
Irregular spontaneous variations in 

rate of growth, 739. 
Irritabilitv, 667, 670, 742, 755. 

conditions of, 760. 

localisation of, 755. 

to differences in the degree' of 
moisture in the surrounding 
medium (hydrotropism), 755. 

to direction of incidence of the 
rays of light (heliotropism), 747. 

to mechanical stimuli, 742. 

to the directive influence of gravity 
(geotropism). 751 (Fig. 482). 

to variations in the intensity of 
light, 744. 

to variations of temperature, 743. 
Isobilateral arrangement, 29. 

symmetry, 8, 508. 
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Isocyclic, 500. 
Isogamy, 80, 226, 276. 
Isomerous, 600. 

Jaga primaria, 624. 
Juga secundaria, 626. 

Karyokinesis, 118. 
Kinetic energy, 668, 730. 
Knight's machine, 762 (Fig. 483). 
Kinoplasm, 96, 119. 
Kinoplasmic spindle, 119, 124 (Fig. 
82). 

Labellnm, 466 (Fig. 294), 662, 663 

(Fig. 370). 
Lffivnlose, 724. 
Lamella, 310 (Fig. 219). 
Lamina, 46, 49. 
Lanceolate. 64. 
Latent period, 767. 
Lateral branching, 19, 34. 

buds, 20. 

members, development of, 186 
(Fig. 141). 

plane of flower, 499. 
Latex, 141, 680. 

Laticiferous ccenocytes (cells), 142 
(Figs. 106, 107). 

tissue, functions of, 680. 

vessels, 141 (Fig. 106). 
Latiseptal silicula. 604 (Fig. 407). 
Law of absorption, 693. 

of cambial division, 193. 
Leaf, 6, 6. 46 (Figs. 27-31). 

apex of, 64. 

-base, 46, 64. 

-blade, 46, 49. 

cataphyllary, 68. 

compound, 62. 

coriaceous, 56. 

epipodium, 45, 49. 

fall of, 23, 56. 

floral, 69. 

functions of, 686. 

form of, 66. 

herbaceous, 66. 

hypopodium, 45. 

margin of, 64. 

hypsophyllary, 69. 

mesopodium, 46, 48. 

minute structure of, 163 (Fig. 126), 
164 (Fig. 126), 685. 

oblique, 49. 

outline of, 64. 

phyllopodium. 46. 

pitchered, 67 (Fig. 37), 607 (Fig. 
410), 640, 690. 

prefloration, 60. 

primordial, 46, 

-scar, 23. 



Leaf, segmentation of, 63 (Fig. 82). 

-spine, 68 (Fig. 38), 690. 

sporophyllary, 69, 70, 76. 

-stalk, 46. 

succulent, 66. 

-tendrils, 49 (Fig. 28), 68, 628, 646. 

-traces, 171. 

venation of, 54. 

vernation of, 69. 

-wing, 46. 
Leaflet, 62. 
Leafy shoot. 6, 38. 

annual, 39. 

creeping, 42. 

dwarf-, 39. 
Legume, 531. 
Lenticels, 212 (Fig. 157). 
Leptosporangiate, 73, 375. 
Leucin, 707. 

Leucoplastid, 97, 98 (Fig. 51). 
Life-history, 2, 217, 230, 278, 324, 378, 

431. 
Light, chemical effects of, 673. 

mechanical effects of, 674. 
Light-position, 688, 748, 759. 
Lignificatiou of cell-wall, 107. 
Lignin, 107. 

Ligulate corolla, 661 (Figs. 464, 466). 
Ligule, 48 (Fig. 28), 66, 384 (Fig. 266), 

427. 
Limb, 515 (Fig. 330). 
Linear, 54. 
Linin, 96. 
Linolein, 708. 
Lithium, 710, 716. 
Lobed, 52. 

Localisation of irritabilitv, 755. 
Locnlicidal<^31 (Fig. 343). 
Loculus, 522. 
Lodicule, 545. 
LomentaceouB, 531. 
Lomentnm, 531. 
Longitudinal axis, 7. 

section, 7. 
Lysigenous, 130, 138. 

Macrosporangiate flower, 77, 432, 515. 
Macrosporangium, 71, 375, 433, 470, 

489, 524. 
Macrospore, 70, 375, 438, 623. 
Maorosporophyll, 78 375, 432, 521. 
Macrosporophyllary flower, 78. 
Macrozoogonidium, 226. 
Magnesium, 714. 
Male organ, 83. 

pronucleus, 457. 

reproductive cells, 81. 
Malic acid, 708. 
Maltose, 708, 724, 727. 
Mannite, 708. 
Manubrium, 252 (Fig. 181). 
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Perichsetiam, 85, 336. 

Pfiricliii&l X'lS 

Pericycle, 151,168 (Pigs. 130,131). 

Periderm, 132, 208, 210 (Pig. 155). 

Peridiolam, 318. 

Peridium, 312. 

Perigyniam of Carez, 552. 

of Liverworts, 338 (Fig. 235). 
Perigynous, 495 (Fig. 310). 
Perinium, 118, 292, 410. 
Periodicity of growth, 738, 745 (Fig. 

480). 
Periplasm, 291. 
Perisperm, 440, 458 (Fig. 295), 661, 

594 599. 
Peristome,' 361, 368 (Fig. 252). 
Peritheoiom, 295, 299. 
Permanent tissue, 131. 
Personate, 511. 
Petal, 79, 494, 691. 
Petaloid, 79. 
Petiole, 45, 48, 690. 
Petiole-climbers, 591, 614, 690 (Fig. 

473), 743. 
Phelloderm, 208, 213. 
Phellogen. 208. 
Phloem, 170, 181. 
Phloem-islands, 205. 
Phosphorescence, 732. 
Phosphorus, 713. 
Phototaxis, 747. 

Phototonic effect of light, 674, 760, 765. 
Phototonus, 674, 760. 
Phycocyanin, 221. 
Phycoerythrin, 99, 221. 
Phycophffiin, 221. 
Phycoxanthin, 99. 
Phylloclade, 45 (Fig. 26). 
Phyllode, 49. 
Phylloid branches, 684. 
Phyllopodium, 45. 
Phyllotaxii, 27. 

of flower, 496. 
Physical functions of tissues, 674. 
Physiology, 666. 
Physiological differentiation, 2. 
Pileus, 310 (Figs. 221, 222). 
Piliferous layer, 158. 
Pinna, 52. 

Pinnate, 50 (Fig. 30). 
Pinnule, 52. 
Pistil, 521. 
Pitcher, 690. 

Pith. 151, 166 (Fig. 130), 169. 
Pitted wall, 105 (Figs. 69, 61), 128. 
Placenta, 72, 374, 390, 408, 436, 524. 
Placental scale, 469. 
Placentation, 624 (Fig. 338). 

axial, 625. 

Hxile or axillary, 624. 

basal, 525. 



Placentation, free-central, 525. 

marginal, 524. 

parietal, 524. 

superficial, 524. 
Plagiotropic members, 758. 
Plane of symmetry of flower, 507. 
Planogametes, 81, 225, 247 (Figs. 176, 

177), 261 (Fig. 187). 
Plasmodium. 89, 274, 283 (Fig. 198). 
Plastic products, 670, 727. 
Plastid, 95, 97. 
Pleiochasium, 35. 
Pleiomery, 501. 
Pleiotaxy, 502. 
Plerome, 146 (Fig. 110). 
Pleurocarpous, 356. 
Pleurogynous stigma, 524. 
Plumule, 20, 446. 
Pod, 531. 
Podium, 33. 
Polar bodies, 82, 772. 
Pollen-chamber, 470. 

deyelopment of, 125 (Fig. 85). 

-grain, 70, 434 (Fig. 282), 447 
(Fig. 288), 520. 

-sac, 71, 189, 433 (Fig. 281). 

-tetrads, 434, 564. 

-tube, 14. 86, 435 (Pig. 283), 449 
(Fig. 289, 290), 457, 527. 
Pollination, 452, 774. 
PoUiniuni, 434, 456 (Fig. 294), 564, 

651 (Fi<T. 452). 
Pollinodium, 83, 276, 291 (Fig. 202), 

296 (Fig. 207). 
Polyadelphous, 518. 
Polyandrous, 518. 
Polyaxial, 489. 
Polycarpic (Fungi), 286. 
Polycarpous, 462. 
Polycyclic, 502 (Fig. 316). 
Polyembryony, 441, 471, 770. 
Polygamous, 358, 432, 515. 
Polyhedron-stage, 242. 
Polymerous, 522. 

Polymorphism, 2, 4, 231, 244, 278. 
Polypetalous corolla, 514. 
Polyphyllous, 514. 
Polysepalous calyx, 514. 
Polystely, 146, 152. 
Poly symmetrical, 9, 507. 
Polysiphonous, 259, 267. 
Pome, 528. 
Pore, 339 (Fig. 241). 
Porous capsule, 532 (Fig. 342). 
Positive geotropism, 682. 

heliotropism, 686, 760. 

hydrotropism. 683, 755. 
Posterior, 499. 
Potassium, 714, 717. 
Potential energy, (568, 718, 731 

gametophyte, 3. 
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Potential parasites, 711. 

saprophytes, 711. 
Prefloration, 59. 
Prefoliation, 69. 
Prickle, 66 (Fig. 41). 
Primary bast, 181. 

bundle, 180. 

differentiation of, 175. 

desmogen, 151, 176. 

cortex, 160, 207, 213. 

members, 15. 

meristem, 145. 

root, 15, 373. 

shoot, 15. 

wood, 176, 180. 
Primordial cell, 94. 
Procambium, 151, 176. 
Procarp, 83, 220, 225, 228, 268 (Figs. 

194, 195). 
Products of metabolism, 670, 727. 
Progressive succession, 23. 
Proliferation, 76. 

PromyceUum, 279, 289 (Fig. 200), 305 

(Fig. 215), 307 (Figs. 217, 218). 

Prophyllum, 79, 493, 505 (Figs. 519, 

620). 
Prosenchyma, 131 (Fig. 90), 132, 190, 

196. 
Protandrous, 454. 
Proteids, 707, 720, 724, 727. 
Proteid crystalloids, 112, 707. 

grains, 112 (Figs. 68-70). 
Proteolytic enzyme, 680, 724. 
Prothallium, 372, 375, 397 (Figs. 263- 
265), 413 (Fig. 270), 423 (Fig. 
276), 428 (Fig. 278), 448 (Figs. 
289, 290), 450 (Figs. 291, 292). 
Protocorm, 421, 424. 
Protogynous, 454. 
Protonema, 14, 324 (Fig. 232), 333, 

354, 365 (Fig 249). 
Protophloem, 167 (Fig. 130), 176. 
Protoplasm, 4, 89, 93, 95. 

continuity of, 91 (Fig. 45). 

properties 'of, 667. 
Protoxylem, 167 (Fig. 130), 176 (Fig. 

135). 
Pseudaxis, 38, 35, 492. 
Pseudo-bulb, 44. 
Pseudocarp, 458, 528. 
Pseudogamy, 777. 

Pseudo monocotyledonous embryo, 445. 
Pseudo-plasmodium, 283. 
Pseudopodiam, 69, 283. 

of Bryophyta, 328, 357, 362, 3f>4 
(Fig. 248). 
Pulvinus, 46, 755, 761. 
Pycnidium, 75, 278. 296. 
Pyrenoid. 100 (Figs. 54, 55), 241, 244, 

353. 
Pyrenin, 96. 



Pyxidium, 531 (Fig. 342), 653. 

Quadrant-wall, 329, 372. 
Quadrilocular anther, 519. 
QuincuDcial, 60. 
Quinin, 707. 

Baceme, 490. 

Racemose inflorescences, 490 (Fig. 

309). 
Kadial arrangement, of members, 24 
(Figs. 11-15). 

longitudinal section, 7. 

of bundles, 175. 

symmetry, 8, 9 (Fig. 2), 607. 
Radiant umbel, 624. 
Radicle, 446. 
Ramenta, 395. 
Raphe, 437 (Fig. 284). 
Raphides, 113 (Fig. 72), 729. 
Rate of growth, 738, 745 (Fig. 480). 
Receptacle, 76, 85, 268, 325, 367, 494. 
Receptive spot, 102, 116, 227. 
Reciprocal hybridisation, 775. 
Regular flower, 607. 
Region of elongation, 738, 761. 
Rejuvenescence of cells, 115 (Fig. 74). 
Replum, 531 (Fig. 342), 603. 
Reproduction, 67, 670, 766. 
Reproductive organs, 67. 

asexual, 70. 

sexual, 79. 

property of protoplasm, 667. 
Reserve materials, 727. 
Resin, 709, 728. 
Resin-ducts, 140 (Fig. 102), 466. 

-sac, 140 (Fig. 104). 
Respiration, 669, 722, 726. 
Resupinate, 611, 563. 
Retardation of growth by light, 674. 
Reticulate vessels, 104. 
Retinaculum, 456, 565. 
Reversion, 779. 
Rhacliis, 76. 
Rhipidium, 36. 
Rhizine, 274, 322 (Fig. 229). 
Rhizogenic cells, 187, 373, 395. 
Rhizoid, 324, 355. 
Rhizome, 42 (Fig. 23). 
Rhizophore, 427. 
Rib, 51. 
Ricinolein, 708. 
Ring, 79, 417 (Fig. 272). 
Rise of temperature m germinating 

seeds, 732 (Fig. 476). 
Roots, 5, 7, 61 (Fig. 39). 

adventitious, 62, 189. 

aerial, 63, 156 (Fig. 117), 682. 

branching of, 62, 186 (Fig. 142). 

functions of, 680. 

primary, 62. 
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Boots, stracture of, 61, 146 (Figs. Ill, 

114, 115), 154, 161, 165 (Figs. 

127, 129, 131), 177 (Figs. 135, 

136), 187 (Fig. 142). 
Root-cap, 61, 147 (Fig. Ill), 211, 682. 
Root-hairs, 65, 158 (Fig. 123), 681 

(Fig. 468). 
Boot-pressure, 700, 764. 
Boot-tubercles, 713. 
BosteUum, 456 (Fig. 294), 564. 
Botate, 514 (Fig. 329). 
Botation of protoplasm, 733. 
Buminated endosperm, 595, 597. 
Buimer, 42. 

Sac, 139, 140 (Fig. 103). 

Sagittate, 54. 

Salicin, 708. 

Samara, 531, 579 (Fig. 381), 616 (Fig. 

418). 
Saprophyte. 273, 283, 293, 3 10, 656, 711. 
Scalariform vessels, 104. 
Scaly leaves, 58. 
Scape, 493. 

Sohizocarp, 529 (Fig. 341). 
Schizogenous, 130, 139. 
Schizostely, 152 (Fig. 116). 
Scion, 767. 

Sclerenchyma, 132, 160, 196. 
Sclerenchymatons tissue, function of, 

676. 
Sclerotic cells, 138 (Figs. 92, 98). 
Sclerotiom, 68, 275, 285, 295 (Fig. 

212). 
Scorpiold cyme, 86, 492. 

dichotomy, 83, (Fig. 18). 
ScuteUum, 533 (Fig. 346). 
Scntiform leaf, 412. 
Secondary bast, 192, 199. 

conjunctive tissue, 200. 

cortical tissue, 213. 

desmogen, 202. 

extra-stelar tissue, 207. 

members, 19 (Fifir. 7). 

sclerenchyma, 196. 

stelar tissue, abnormal, 204. 
normal, 191. 

tegumentary tissue, 208. 

tissues, differentiation of, 202. 

tracheal tissue, 194. 

wood, 194 (Fig. 148). 
<* wood-parenchyma, 195. 
Secretion, 137, 143 (Fig. 108). 
Secretum, 137, 143. 
Sectile pollinium, 564. 
Seed, 74, 88, 218, 431, 458 (Fig. 295). 
Segmentation of apical cell, 148 (Figs. 

112-115). 
Segmentation of body, 5. 
Self-pollination, 453. 
Semi-amplexicaul, 47. 



Sensitive petiole, 690 (Fig. 473). 

plant, 689 (Fig. 472), 742, 756. 
Sepal, 79, 494, 691. 
Septate body, 89, 273. 
Septicidal dehiscence, 531 (Fig. 343). 
Septifragal dehiscence, 531. 
Septum, 121, 133, 197. 
Serrate, 52, 54. 

Sessile, 49 (Fig. 28), 77, 490, 517. 
Seta, 75, 330, 334, 360. 

of Carex, 551. 
Sex, 773. 
Sexual affinity, 774. 

generation, 3. 

organs, 86. 

process, 3, 69, 275, 770, 776. 

reproduction, 80, 225, 275, 772. 
Sexuality, 772. 
Shield, 252. 

Shoot, 5, 6, 41 (Fig. 22), 184. 
Sieve-plates, 136 (Fig. 97), 199. 

-tissue, 135 (Figs. 97, 98), 678. 

-tubes, 136 (Fig. 97), 199. 
SUicon, 710, 716. 
Silicula, 531, 604 (Fig. 407). 
Siliqua, 531 (Fig. 342), 604 (Fig. 407). 
Simple gonidiophore, 278. 

leaf, 52. 

inflorescences, 490. 

sporophores, 278. 
Simultaneous whorls, 24. 
Sleep-movements, 680. 
Sliding growth, 203. 
Sodium, 710, 716. 
Soft bast, 199. 

Soredium, 68, 321 (Fig. 227). 
Sorosis, 528, 561. 

Sorus, 71. 75, 85, 307, 374, 390 (Figs. 
257, 260), 432. 

bisexual, 87. 

unisexual, 87. 
Spadix, 490. 
Spathe, 79, 490. 
Species, 218. 

Specific absorbent capacity, 694. 
Spermatium, 81, 116, 228, 268, 277, 

297, 305. 
Spermatozoid, 3, 81, 115, 227 (Figs. 
190, 191), 326 (Figs. 223, 224), 
377, 400 (Fig. 266). 
Spermogonium, 85, 276, 297, 305, 320 

(Fig. 226). 
Sphserocrystal, 114 (Fig. 73). 
Spicate capitulum, 492. 

raceme, 492. 
Spicular cells, 467. 
Spike, 490 (Fig. 309). 
Spikelet, 490. 
Spine, 69 (Fig. 38), 161. 
Spiral arrangement, 27 (Fig. 15). 

vessels, 104 (Fig. 58). 
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Spongy parenchyma, 162 (Fig. 125), 

686. 
Spontaneous moyement, 670, 692. 
Sporangium, 70, 189, 230, 278, 374, 

433. 
Spore, 2, 122 (Pig. 80), 126, 229, 375, 
434, 438, 671. 

asexually produced, 69. 

deyelopment of, 125 (Fig. 84). 

-reproduction, 68, 768. 

-sac, 361. 

sexually produced, 69. 
Sporidium, 300, 305 (Figs. 215, 217, 

218). 
Sporocarp, 407 (Fig. 269). 
Sporogonium, 324, 332, 360, 369 (Figs. 

251, 253). 
Sporophore, 70, 75, 278. 
SporophyU, 69, 70, 77, 432. 
Sporophyllary leaves, 691. 
Sporophyte, 2, 69, 217, 298. 
Sport, 779. 
Spur, 511. 
Spurious fruit, 528. 

tissue, 92. 

whorl, 24. 
Squamulae intrayaginales, 536. 
Stamen, 78, 432. 
Staminate flower, 78, 432, 515. 
Staminodium or staminode, 518, 
Starch. 109, 708, 717, 724, 727. 

-grains, 98 (Fig. 51), 109 (Fig. 67). 

•sheath, 705. 

-stars, 68, 255. 
Stearin, 708. 
Stele, 146, 151. 
Stem, 5, 6. 

function of, 683. 

herbaceous, 44. 

monostelic, 146, 173. 

polystelic, 146, 173. 

-tendril, 43 (Fig. 24), 619. 

trunk, 44. 

twining, 43 (Fig. 24), 647. 

winsred 44. 
Stereom, 133, 144, 161 (Fig. 124), 170, 

676. 
Sterigma, 75. 276, 289, 296 (Fig. 205), 
301 (Fig. 211), 306 (Figs. 215, 
217), 312 (Figs. 219, 220, 223). 
Stiohidium, 75, 268 (Fig. 193). 
Stigma, 433. 523 (Fig. 387). 
Stimulus, 670. 
Stipe, 310. 
Stipel, 48. 

Stipule, 47 (Fig. 28). 
Stock, 767, 
Stolon, 42. 

Stomata, 156 (Fig. 118), 166 (Fig. 119), 
157 (Fig. 120). 

function of, 698, 764. 



Stomium, 395. 

Stratification of cell-wall, 105 (Fig. 

60). 
Streaming of protoplasm, 735. 
Striation of cell-wall, 106 (Fig. 64). 
Stroma, 295, 301 (Fig. 212). 
Strophiole, 460. 
Strychnin, 707. 
Style, 433, 523 (Fig. 337). 
Stylogonidium, 278. 
Sub-hymenial layer, 3li (Fig. 219). 
Subtending leaf, 31. 
Successive whorls, 24. 
Succulent fruits, 529, 632. 
Succulent plants, catabolism of, 725. 
Succubous leaves, 346 (Fig. 244). 
Sucroses, 708. 
Sugars, 708. 

Sulphobacteria, 719, 731. 
Sulphur, 710, 713. 
Superior ovary, 496. 
Superposed members, 25, 497. • 
Supply of energy, 717, 730. 
Suppression, 505. 
Suspensor, 14, 372, 424 (Figs. 275, 

278, 279), 441 (Figs. 286, 287). 
Syconus, 528, 578 (Fig. 379). 
Symbiosis, 273, 319, 347, 412, 710, 713. 
Symmetry of body, 8 (Figs. 1-4). 

of flower, 507 (Figs. 322-328). 
Sympodium, 33, 36. 
Synandrium, 518, 539. 
Synangium, 72, 375, 383. r 

Synaptase, 724. 

Syncarpous, 521 (Fig. 335), 529. 
Syncyte, 91, 118, 129, 141. 
Synergidffi, 451 (Fig. 292). 
Syngenesious anthers, 518. 
Systems of classification, 216. 
Systole, 736. 

Tangential longitudinal section, 7. 

Tannin, 708, 729. 

Tapetum, 73, 885, 393, 410, 433, 438, 

519. 
Tap-root. 62, 464. 
Tartaric acid, 708. 
Tegumentary tissue, 144. 

function of, 675. 

primary, 153. 

secondary, 208. 

-system, 144. 
Teleutogonidium, 278, 805 (Figs. 214- 

217), 314. 
Teieutospore, 278. 
Temperature, 671. 

Tendril, 43 (Fig. 24), 58, 619, 685, 743. 
Tentacle, 66 (Figs. 42, 43), 711. 
Terebene, 709. 
Terminal bud, 20. 
Ternate, 53 (Fig. 32). 
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Terpenes, 709. 

Testa, 459. 

Tetracyclic, 601. 

Tetrarch. 179. 

Tetradynamons, 518, 602. 

Tetragonidangium, 75, 230. 

Tetragonidium, 69, 230, 267. 

Tetraspore, 263. 

Thalloid shoot, 5, 38. 

Thallophyte, 5. 

ThaUus, 5, 37, 184, 220, 222. 

Theca of Bryophyta, 71, 75, 360, 369 

(Fig. 252). 
Thecad of anther, 516. 
Thein, 707. 
Theobromin, 707. 
Theory of apposition, 762. 

of intussusception, 762. 

of reproduction, 780. 
Thorn, 44 (Fig. 25), 684. 
Tissue, 91, 128. 

aqueous, 161, 164. 

conjunctiye, 151, 200. 

cuticularised, 132 (Fig. 91). 

embryonic, 131. 

extra-stelar, 159, 207. 

formation of, 121, 123, 128. 

forms of, 92, 131. 

functions of, 674. 

glandular, 137j[Fig. 100), 204,679. 

ground-, 144 (Fig. 109), 159. 

heterogeneous, 92. 

homogeneous, 92. 

intra-stelar, 159, 166, 191. 

Bclerenchymatous, 132 (Fig. 94), 
676. 

secondary, 191 (Figs. 143-158). 

sieve-, 135 (Figs. 97-99), 181, 
678. 

spurious, 92. 

-systems, 144. 

tegumentary, 144 (Fig. 109), 153, 
160, 208, 675. 

thick- walled parenchymatous, 132. 

thin- walled parenchymatous, 131 
(Fig. 91). 

tracheal, 133 (Fig. 95), 170, 677. 

vascular, 170. * 
Torsion, 12. 

of twining stems, 759. 
Torus of bordered pit, 129 (Fig. 88). 

of flower, 77, 494. 
Trabeculee, 71. 385 (Fig. 256). 
Tracheae, 134 (Fig. 95), 180, 194, 203. 
Tracheal tissue, 133, 170. 677. 
Tracheid, 134 (Fig. 95), 200 (Fig. 151), 

203 (Fig. 153). 
Trama, 311 (Fig. 219). 
Transfusion-tissue, 169, 465. 
Transition from root to stem, 179. 
Transmission of stimuli, 756. 



Transpiration, 669, 686, 696. 

-current, 699, 702. 
Transverse section, 7. 
Trichogyne, 84, 228, 250 (Fig. 179), 
268 (Figs. 194, 196), 296 (Figs. 
207, 208). 
Trichothallic growth, 223. 
Trichophore, 270 (Fig. 196). 
Trimorphic flowers, 455, 630. 
Tripinnate, 52. 
Truncate, 64. 
Trunk, 44. 

Tuber, 41 (Fig. 22), 666 (Fig. 371). 
Tubercles of roots, 713. 
Tuberous root, 63, 683. 
Turgescence, 668. 
Turgid, 668. 
Turgidity, 668. 
Twining of climbing-stems, 43, 759. 

of tendrils, 743. 
Turpentine, 708. 
Tyloses, 135 (Fig. 96). 
Tyrosin, 707, 724. 

Umbel, 491 (Fig. 309), 625. 
Umbellule, 491. 
Umbo, 485. 
Uniaxial, 39, 489. 
Unijugate, 52. 
Unilocular ovary, 522. 

sporangium, 71. 
Unisexual, 87, 432, 615. 
Unorganised ferments, 669, 722. 
Unseptate body, 89, 222, 238, 273. 
Uredogonidium, 278, 305 (Figs. 214, 

216), 314. 
Uredospore, 278. 
Urn, 368. 
Utriculus, 551 (Fig. 358). 

Vacuole, 93 (Fig. 46), 113. 

contractile, 102, 736. 
Yaginula, 330, 362. 

Vallecular cavities, 153 (Fig. 116), 418. 
Valve of Diatoms, 258. 

of fruits, 531. 
Valvular dehiscence of anther, 520, 

596 (Fig. 400). 
Variability, 779. 
Variation, 777. 

in direction of growth, 739. 

in rate of growth, 738. 
Variety, 218, 778. 

Vascular bundles, 170, 172 ^Figs. 132- 
139), 194 (Fig. 146). ^ 

tissue -system, 144, 170. 
Vegetative cell, 387, 430, 448 (Figs. 
289, 290). 

organs, 37. 

reproduction, 67, 767. 

reproductive organs, 13, 767. 
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Yelftmen, 154, 155 (Fig. 117), 682. 
Ydmn, 72, 3U, 312 (Fig. 222), 384 

(Rg.256). 
Venation, free, 55 (Fig. 33). 

furcate, 55. 

parallel, 55 (Fig. 34). 

letiealate, 55 (Fig. 35). 
Venter, 326, 376. 
Ventral canal-edl, 82, 117, 326, 377. 

acalea, 334, 336, 340, 342. 

satme, 522. 
Vernation, 59, 742. 
Vefsatile anther, 517 (Fig. 331). 
Vertieillaster, 493, 642. 
ye8sel«134. 

Vezillnm, 635 (Fig. 435). 
Vital fonetions of the tissues, 674. 
Vittae, 625 (Fig. 426). 
Volatile oils, 708. 
VolTa, 312, 319. 



Wart, 66. 

Waste prodocts, 670, 727, 728. 
Water-eoltore, 715 (Fig. 474). 
Water, absorption of, 693. j 

distribation of, 700. 
-stoma, 138 (Fig. 100), 157 (Fig. 
121), 730. 



Wax, 155. 

Whorl, 23 (Fig. 11), 25 (Fig. 12), 496. 

Wings of froits, 531, 617. 

of leaf, 45. 
Witches* brooms, 711. 
Wood, 170 (Figs. 126, 130, 133, 134, 

137), 194, 677. 
Wood-parenchjma, 132, 195. 
Woody fibre, 196 (Fig. 148). 
Woronin's hypha, 21^. 

Xerophiloos plants, 628, 675, 687. 
Xylem, 170 (Figs. 127, 139, 146, 147), 
677. 

Zinc, 716. 

Zonate tetragonidia, 267. 

Zoocyst,285. 

Zoogloea-stage, 281 (Fig. 197). 

Zoogonidiom, 69, 115 (Figs. 74, 75), 

226, 243, 283, 286, 291 (Figs. 

203, 204). 
Zoospore, 69, 229, 247 (Figs. 176, 

178). 
Zygomoiphic symmetry, 8, 10, 508. 
Zygospore. 80, 118 (Fig. 76), 220, 225, 

229, 242, 244 (Figs. 173, 175, 

176). 



butkr Ac Tanner, The ScIw«jod I'lintitt}; Wofki. t-'romc, and Londutu 



%■ 



■ f 

V 



I" 



H 



